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Important Information

Warranty

Copyright

Trademarks

The AT-MIO/AI E Series boards are warranted against defects in materials and workmanship for a period of one year
from the date of shipment, as evidenced by receipts or other documentation. National Instrumentswill, at its option,
repair or replace equipment that proves to be defective during the warranty period. Thiswarranty includes parts and
labor.

The media on which you receive National Instruments software are warranted not to fail to execute programming
instructions, due to defectsin material s and workmanship, for aperiod of 90 days from date of shipment, as evidenced
by receipts or other documentation. National Instruments will, at its option, repair or replace software media that do
not execute programming instructions if National Instruments receives notice of such defects during the warranty
period. National Instruments does not warrant that the operation of the software shall be uninterrupted or error free.

A Return Material Authorization (RMA) number must be obtained from the factory and clearly marked on the outside
of the package before any equipment will be accepted for warranty work. National Instrumentswill pay the shipping
costs of returning to the owner parts which are covered by warranty.

National Instruments believes that the information in this manual is accurate. The document has been carefully
reviewed for technical accuracy. In the event that technical or typographical errors exist, National Instruments
reserves the right to make changes to subsequent editions of this document without prior notice to holders of this
edition. The reader should consult National Instrumentsif errors are suspected. In no event shall National
Instruments be liable for any damages arising out of or related to this document or the information contained in it.

EXCEPT AS SPECIFIED HEREIN, NATIONAL INSTRUMENTS MAKES NO WARRANTIES, EXPRESS OR IMPLIED, AND
SPECIFICALLY DISCLAIMS ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.
CUSTOMER’ S RIGHT TO RECOVER DAMAGES CAUSED BY FAULT OR NEGLIGENCE ON THE PART OF NATIONAL
INSTRUMENTS SHALL BE LIMITED TO THE AMOUNT THERETOFORE PAID BY THE CUSTOMER. NATIONAL INSTRUMENTS
WILL NOT BE LIABLE FOR DAMAGES RESULTING FROM LOSS OF DATA, PROFITS, USE OF PRODUCTS, OR INCIDENTAL OR
CONSEQUENTIAL DAMAGES, EVEN IF ADVISED OF THE POSSIBILITY THEREOF. Thislimitation of theliability of National
Instruments will apply regardless of the form of action, whether in contract or tort, including negligence. Any action
against National Instruments must be brought within one year after the cause of action accrues. National Instruments
shall not be liable for any delay in performance due to causes beyond its reasonable control. The warranty provided
herein does not cover damages, defects, malfunctions, or service failures caused by owner’s failure to follow the
National Instruments installation, operation, or maintenance instructions; owner’s modification of the product;
owner’ s abuse, misuse, or negligent acts; and power failure or surges, fire, flood, accident, actions of third parties, or
other events outside reasonable control.

Under the copyright laws, this publication may not be reproduced or transmitted in any form, electronic or
mechanical, including photocopying, recording, storing in an information retrieval system, or translating, in whole or
in part, without the prior written consent of National |nstruments Corporation.

LabVIEW, NI-DAQY, RTSI”, DAQCard” , DAQPad” , DAQ-PnP" , DAQ-STCY, NI-PGIA™ | and SCXI" are
trademarks of National Instruments Corporation.

Product and company names listed are trademarks or trade names of their respective companies.

WARNING REGARDING MEDICAL AND CLINICAL USE OF NATIONAL INSTRUMENTS PRODUCTS

National Instruments products are not designed with components and testing intended to ensure a level of reliability
suitable for use in treatment and diagnosis of humans. Applications of National Instruments products involving
medical or clinical treatment can create a potential for accidental injury caused by product failure, or by errors on the
part of the user or application designer. Any use or application of National Instruments products for or involving
medical or clinical treatment must be performed by properly trained and qualified medica personnel, and all
traditional medical safeguards, equipment, and procedures that are appropriate in the particular situation to prevent
serious injury or death should always continue to be used when National Instruments products are being used.
National Instruments products are NOT intended to be a substitute for any form of established process, procedure, or
equipment used to monitor or safeguard human health and safety in medical or clinical treatment.
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About
This
Manual

This manual describes the electrical and mechanical aspects of each
board in the AT E Series product line and contains information
concerning their operation and programming. Unless otherwise noted,
text appliesto all boards in the AT E Series.

The AT E Series includes the following boards:

AT-MIO-16E-1
AT-MIO-16E-2
AT-MIO-64E-3
AT-MIO-16E-10
AT-MIO-16DE-10
AT-MIO-16XE-10
AT-Al-16XE-10
AT-MIO-16XE-50

The AT E Series boards are high-performance multifunction anal og,
digital, and timing I/O boards for the PC AT series computers.
Supported functions include analog input, analog output, digital 1/0,
and timing 1/0.

Organization of This Manual

The AT-MIO/AI E Series User Manual is organized as follows:

O National Instruments Corporation

Chapter 1, Introduction, describes the AT E Series boards, lists
what you need to get started, describes the optional software and
optional equipment, and explains how to unpack your AT E Series
board.

Chapter 2, Installation and Configuration, explains how to install
and configure your AT E Series board.

Chapter 3, Hardware Overview, presents an overview of the
hardware functions on your AT E Series board.

Xi AT-MIO/Al E Series User Manual
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*  Chapter 4, Sgnal Connections, describes how to make input and
output signal connectionsto your AT E Series board via the board
I/O connector.

e Chapter 5, Calibration, discusses the calibration procedures for
your AT E Series board.

» Appendix A, Specifications, lists the specifications of each board in
the AT E Series.

* Appendix B, Optional Cable Connector Descriptions, describes the
connectors on the optional cables for the AT E Series boards.

e Appendix C, Common Questions, containsalist of commonly asked
guestions and their answers relating to usage and special features
of your AT E Series board.

*  Appendix D, Customer Communication, contains formsyou can use
to request help from National Instruments or to comment on our
products.

*  The Glossary contains an alphabetical list and description of terms
used in this manual, including acronyms, abbreviations, metric
prefixes, mnemonics, and symbols.

e TheIndex alphabetically lists topics covered in this manual,
including the page where you can find the topic.

Conventions Used in This Manual

bold

bold italic
italic
NI-DAQ

PC
SCXI1

AT-MIO/AI E Series User Manual

The following conventions are used in this manual.
Bold text denotes parameters.
Bold italic text denotes a note, caution, or warning.

Italic text denotes emphasis on aspecific boardinthe AT E Seriesor on
other important information, a cross reference, or an introduction to a
key concept.

NI-DAQ refers to the NI-DAQ software for PC compatibles unless
otherwise noted.
PC refersto the PC AT series computers.

SCXI1 stands for Signal Conditioning eXtensions for Instrumentation
and is a National Instruments product line designed to perform
front-end signal conditioning for National Instruments plug-in DAQ
boards.

Xif O National Instruments Corporation
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. The ¢ indicates that the text following it applies only to specific
AT E Series boards.
< Angle brackets containing numbers separated by an ellipsis represent a

range of values associated with abit, port, or signal name (for example,
ACH<O0..7> stands for ACHO through ACH?7).

Abbreviations, acronyms, metric prefixes, mnemonics, symbols, and
terms are listed in the Glossary at the end of this manual.

National Instruments Documentation

The AT-MIO/AIl E SeriesUser Manual isone piece of the documentation
set for your DAQ system. You could have any of several types of
manuals depending on the hardware and software in your system. Use
the manuals you have as follows:

e Getting Sarted with SCXI—If you are using SCXI, thisisthe first
manual you should read. It gives an overview of the SCXI system
and contains the most commonly needed information for the
modules, chassis, and software.

e Your SCXI hardware user manuals—If you are using SCXI, read
these manuals next for detailed information about signal
connections and module configuration. They also explain in
greater detail how the module works and contain application hints.

e Your DAQ hardware user manuals—These manuals have detailed
information about the DAQ hardware that plugsinto or is
connected to your computer. Use these manuals for hardware
installation and configuration instructions, specification
information about your DAQ hardware, and application hints.

«  Software documentation—Examples of software documentation
you may have are the LabVIEW and LabWindows=/CV!I
documentation sets and the NI-DAQ documentation. After you set
up your hardware system, use either the application software
(LabVIEW or LabWindows/CVI) or the NI-DAQ documentation to
help you write your application. If you have alarge and
complicated system, it is worthwhile to look through the software
documentation before you configure your hardware.

e Accessory installation guides or manuals—If you are using
accessory products, read the terminal block and cable assembly
installation guides. They explain how to physically connect the

O National Instruments Corporation Xiii AT-MIO/Al E Series User Manual
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relevant pieces of the system. Consult these guides when you are
making your connections.

e SCXI chassis manuals—If you are using SCX|, read these manuals
for maintenance information on the chassis and installation
instructions.

Related Documentation

The following National Instruments document contains information

you may find helpful:

e Application Note 025, Field Wiring and Noise Considerations for
Analog Sgnals

Customer Communication

National Instruments wants to receive your comments on our products
and manuals. We are interested in the applications you develop with
our products, and we want to help if you have problems with them. To
make it easy for you to contact us, this manual contains comment and
configuration forms for you to complete. These formsarein
Appendix D, Customer Communication, at the end of this manual.
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Chapter

Introduction

This chapter describes the AT E Series boards, lists what you need to
get started, describesthe optional software and optional equipment, and
explains how to unpack your AT E Series board.

About the AT E Series

Thank you for buying a National Instruments AT E Series board. The
AT E Series boards are the first completely Plug and Play-compatible
multifunction analog, digital, and timing 1/O boards for the PC AT and
compatible computers. Thisfamily of boardsfeatures 12-bit and 16-bit
ADCs with 16 and 64 analog inputs, 12-bit and 16-bit DACs with
voltage outputs, eight and 32 lines of TTL-compatible digital 1/0, and
two 24-bit counter/timers for timing 1/0. Because the AT E Series
boards have no DIP switches, jumpers, or potentiometers, they are
easily configured and calibrated using software.

The AT E Series boards are the first completely switchless and
jumperless data acquisition boards. Thisfeatureis made possible by the
National Instruments DAQ-PnP bus interface chip that connects the
board to the AT 1/O bus. The DAQ-PnP implements the Plug and Play
ISA Specification so that the DMA, interrupts, and base I/O addresses
are all software configurable. This allows you to easily change the
AT E Series board configuration without having to remove the board
from your computer. The DAQ-STC makes possible such applications
as buffered pul se generation, equivalent time sampling, and seamlessly
changing the sampling rate.

The AT E Series boards use the National Instruments DAQ-STC
system timing controller for time-related functions. The DAQ-STC
consists of three timing groups that control anal og input, anal og output,
and general-purpose counter/timer functions. These groups include a
total of seven 24-bit and three 16-bit counters and a maximum timing
resolution of 50 ns.

A common problem with DAQ boards is that you cannot easily
synchronize several measurement functions to a common trigger or
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timing event. The AT E Series boards have the Real-Time System
Integration (RTSI) busto solvethis problem. The RTSI bus consists of
our RTSI bus interface and aribbon cable to route timing and trigger
signals between several functions on as many as five DAQ boardsin
your PC.

The AT E Seriesboards can interfaceto an SCXI system so that you can
acquire over 3,000 analog signals from thermocouples, RTDs, strain
gauges, voltage sources, and current sources. Y ou can also acquire or
generate digital signals for communication and control. SCXI isthe
instrumentation front end for plug-in DAQ boards.

Detailed specifications of the AT E Series boards are in Appendix A,
Specifications.

What You Need to Get Started

To set up and use your AT E Series board, you will need the following:

O One of the following boards:
AT-MIO-16E-1
AT-MIO-16E-2
AT-MIO-64E-3
AT-MIO-16E-10
AT-MIO-16DE-10
AT-MIO-16XE-10
AT-AI-16XE-10
AT-MIO-16XE-50

0 AT-MIO/AI E Series User Manual

O One of the following software packages and documentation
NI-DAQ for PC compatibles
LabVIEW
LabWindows/CVI

00 Your computer
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Software Programming Choices

There are several options to choose from when programming your
National Instruments DAQ and SCXI hardware. Y ou can use
LabVIEW, LabWindows/CVI, NI-DAQ, or register-level
programming.

LabVIEW and LabWindows/CVI Application Software

LabVIEW and LabWindows/CVI areinnovative program devel opment
software packages for data acquisition and control applications.
LabVIEW uses graphical programming, whereas LabWindows/CV |
enhances traditional programming languages. Both packages include
extensive libraries for data acquisition, instrument control, data
analysis, and graphical data presentation.

LabVIEW features interactive graphics, a state-of-the-art user
interface, and a powerful graphical programming language. The
LabVIEW Data Acquisition VI Library, a series of VIs for using
LabVIEW with National Instruments DAQ hardware, is included with
LabVIEW. The LabVIEW Data Acquisition VI Library is functionally
equivalent to the NI-DAQ software.

LabWindows/CV | features interactive graphics, a state-of-the-art user
interface, and uses the ANSI standard C programming language. The
LabWindows/CVI Data Acquisition Library, a series of functions for
using LabWindows/CV1 with National Instruments DAQ hardware, is
included with the NI-DAQ software kit. The LabWindows/CV| Data
Acquisition library is functionally equivalent to the NI-DAQ software.

Using LabVIEW or LabWindows/CV| software will greatly reduce the
development time for your data acquisition and control application.

NI-DAQ Driver Software

The NI-DAQ driver softwareisincluded at no charge with all National
Instruments DAQ hardware. NI-DAQ is not packaged with signal
conditioning or accessory products. NI-DAQ has an extensivelibrary of
functions that you can call from your application programming
environment. These functions include routines for analog input (A/D
conversion), buffered data acquisition (high-speed A/D conversion),
analog output (D/A conversion), waveform generation (timed D/A
conversion), digital 1/0O, counter/timer operations, SCXI, RTSI,
calibration, messaging, and acquiring data to extended memory.
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NI-DAQ has both high-level DAQ I/O functions for maximum ease of
use and low-level DAQ 1/0O functions for maximum flexibility and
performance. Examples of high-level functions are streaming data to
disk or acquiring a certain number of data points. An example of a
low-level function iswriting directly to registers on the DAQ device.
NI-DAQ does not sacrifice the performance of National Instruments
DAQ devices because it lets multiple devices operate at their peak
performance.

NI-DAQ also internally addresses many of the complex issues between
the computer and the DAQ hardware such as programming interrupts
and DMA controllers. NI-DAQ maintains a consistent software
interface among its different versions so that you can change platforms
with minimal modifications to your code. Whether you are using
conventional programming languages, LabVIEW, or
LabWindows/CVI, your application uses the NI-DAQ driver software,
asillustrated in Figure 1-1.

Conventional
Programming LabVIEW LabWindows/CVI
Environment (PC, Macintosh, or (PCor
(PC, Macintosh, or Sun SPARCstation) Sun SPARCstation)
Sun SPARCstation)

N

NI-DAQ
Driver Software

AN

DAQ Personal

or -«—> Computer

SCXI Hardware OF;
Workstation

Figure 1-1. The Relationship between the Programming Environment, NI-DAQ, and
Your Hardware
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You can use your AT E Series board, together with other PC, AT,
EISA, DAQCard, and DAQPad Series DAQ and SCXI hardware, with
NI-DAQ software for PC compatibles.

Register-Level Programming

The final option for programming any National Instruments DAQ
hardware is to write register-level software. Writing register-level
programming software can be very time-consuming and inefficient and
is not recommended for most users.

Even if you are an experienced register-level programmer, consider
using NI-DAQ, LabVIEW, or LabwWindows/CV1 to program your
National Instruments DAQ hardware. Usingthe NI-DAQ, LabVIEW, or
LabWindows/CV1 software is as easy and as flexible as register-level
programming and can save weeks of development time.

Optional Equipment

National Instruments offers avariety of products to use with your
AT E Series board, including cables, connector blocks, and other
accessories, as follows:

* Cables and cable assemblies, shielded and ribbon

e Connector blocks, shielded and unshielded 50, 68, and 100-pin
screw terminals

* Real Time System Integration (RTSI) bus cables

« Signal condition eXtension for instrumentation (SCXI) modules
and accessories for isolating, amplifying, exciting, and
multiplexing signals for relays and analog output. With SCXI you
can condition and acquire up to 3072 channels.

e Low channel count signal conditioning modules, boards, and
accessories, including conditioning for strain gauges and RTDs,
simultaneous sample and hold, and relays

For more specific information about these products, refer to your
National Instruments catalogue or call the office nearest you.
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Custom Cabling

National Instruments offers cables and accessories for you to prototype
your application or to use if you frequently change board
interconnections.

If you want to develop your own cable, however, the following
guidelines may be useful:

For the analog input signals, shielded twisted-pair wires for each
analog input pair yield the best results, assuming that you use
differential inputs. Tiethe shield for each signal pair to the ground
reference at the source.

Y ou should route the analog lines separately from the digital lines.

When using a cable shield, use separate shields for the analog and
digital halvesof the cable. Failureto do so resultsin noise coupling
into the analog signals from transient digital signals.

Thefollowing list gives recommended part numbers for connectors that
mate to the I/O connector on your AT E Series board.

AT-MIO/Al E Series User Manual

Mating connectors and a backshell kit for making custom 68-pin
cables are available from National Instruments (part number
776832-01)

AT-MIO-16E-1, AT-MIO-16E-2, AT-MI0O-16E-10,
AT-MIO-16XE-10, AT-AI-16XE-10, and the AT-MIO-16XE-50

Honda 68-position, solder cup, female connector (part number
PCS-E68FS)

Honda backshell (part number PCS-E68LKPA)

AT-MI0O-64E-3 and AT-MI0O-16DE-10

AMP 100-position IDC male connector (part number 1-750913-9)
AMP backshell, .50 max O.D. cable (part number 749081-1)
AMP backshell, .55 max O.D. cable, (part number 749854-1)
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Unpacking

Your AT E Series board is shipped in an antistatic package to prevent
electrostatic damage to the board. Electrostatic discharge can damage
several components on the board. To avoid such damage in handling
the board, take the following precautions:

e Ground yourself via a grounding strap or by holding a grounded
object.

e Touch the antistatic package to a metal part of your computer
chassis before removing the board from the package.

¢ Remove the board from the package and inspect the board for loose
components or any other sign of damage. Notify National
Instruments if the board appears damaged in any way. Do not
install a damaged board into your computer.

«  Never touch the exposed pins of connectors.

O National Instruments Corporation 1-7 AT-MIO/Al E Series User Manual



Chapter

Installation and
Configuration

This chapter explains how to install and configure your AT E Series
board.

Software Installation

Y ou may need to install your software before you install your
AT E Series board. Refer to the appropriate release notes indicated
below for specific instructions on the software installation sequence.

If you are using NI-DAQ, refer to the NI-DAQ User Manual for PC
Compatibles Version 4.9.0 Release Notes. Find the installation section
for your operating system and follow the instructions given there.

If you are using LabVIEW, refer to your LabVIEW release notes. After
you have installed LabVIEW, refer to the NI-DAQ release notes and
follow the instructions given there for your operating system and
LabVIEW.

If you are using LabWindows/CVI, refer to your LabWindows/CV I
release notes. After you have installed LabWindows/CV 1, refer to your
NI-DAQ release notes and follow the instructions given there for your
operating system and LabWindows/CV1.

If you are aregister-level programmer, refer to the AT-MIO E Series

Register-Level Programmer Manual and the DAQ-STC Technical
Reference Manual for software configuration information.

Hardware Installation

Youcaninstall an AT E Seriesboard in any available expansion slot
inyour PC. However, to achieve best noise performance, you should
leave as much room as possible between the AT E Series board and
other boards and hardware. The following are general installation
instructions, but consult your PC user manual or technical reference
manual for specific instructions and warnings.
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1. Writedownthe AT E Seriesboard serial number inthe AT E Series
Hardware and Software Configuration Formin Appendix D at the
back of thismanual. You will need this serial number when you
install and configure your software.

2. Turn off and unplug your computer.
Remove the top cover or access port to the 1/0 channel.

Remove the expansion slot cover on the back panel of the
computer.

5. Insert the AT E Series board into an EISA or 16-bit ISA slot. It
may be atight fit, but do not force the board into place.

6. Screw the mounting bracket of the AT E Series board to the back
panel rail of the computer.

7. Check theinstallation.
Replace the cover.
9. Plugin and turn on your computer.

The AT E Series board isinstalled. You are now ready to install and
configure your software.

Board Configuration

Bus Interface

AT-MIO/Al E Series User Manual

Due to the DAQ-PnP features, the AT E Series boards are completely
software configurable. Two types of configuration must be performed
on the AT E Series boards—bus-related configuration and data
acquisition-related configuration. Bus-related configuration includes
setting the base 1/0 address, DMA channels, and interrupt channels.
Data acquisition-related configuration, explained in the next chapter,
includes such settings as analog input polarity and range, anal og output
reference source, and other settings. For more information about data
acquisition-related configuration, refer to your NI-DAQ user manual.

The AT E Series boards work in either a Plug and Play mode or a
switchless mode. These modes dictate how the base 1/0 address, DMA
channels, and interrupt channels are determined and assigned to the
board.
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Plug and Play

The AT E Seriesboards are fully compatible with theindustry-standard
Plug and Play I SA specification. A Plug and Play system arbitrates and
assigns resources through software, freeing you from manually setting
switches and jumpers. These resources include the board base 1/0
address, DMA channels, and interrupt channels. Each AT E Series
board is configured at the factory to request these resources from the
Plug and Play Configuration Manager.

The Configuration Manager receives all of the resource requests at start
up, compares the available resources to those requested, and assignsthe
available resources as efficiently as possible to the Plug and Play
boards. Application software can query the Configuration Manager to
determine the resources assigned to each board without your
involvement. The Plug and Play softwareisinstalled asadevicedriver
or as an integral component of the computer BIOS.

Switchless Data Acquisition

You can use an AT E Series board in a non-Plug and Play system as a
switchless DAQ board. A non-Plug and Play system isasystemin
which the Configuration Manager has not been installed and which does
not contain any non-National Instruments Plug and Play products. You
use aconfiguration utility to enter the base address, DMA, and interrupt
selections, and the application software assigns them to the board.

% Note Avoid resource conflicts with non-National | nstruments boards. For
example, do not configure two boards for the same base address.

Base 1/0 Address Selection

The AT E Series boards can be configured to use base addresses in the
range of 20 to FFEO hex. Each AT E Series board occupies 32 bytes of
address space and must be located on a 32-byte boundary. Therefore,
valid addressesinclude 100, 120, 140, ..., 3CO0, 3E0 hex. Thisselection
is software configured and does not require you to manually change any
settings on the board.

DMA Channel Selection

The AT E Series boards can achieve high transfer rates by using up to
three 16-bit DMA channels. Y ou can use these DMA channelsfor data
transfers with the analog input, analog output, and general-purpose
counter sections of the board. The AT E Series boards can use only
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16-bit DMA channels, which correspond to channels 5, 6, and 7 in an
ISA computer and channels 0, 1, 2, 3, 5, 6, and 7 in an EISA computer.
These selections are all software configured and do not require you to
manually change any settings on the board.

Interrupt Channel Selection

The AT E Series boards can increase bus efficiency by using an
interrupt channel. Y ou can use an interrupt channel for event
notification without the use of polling techniques. AT E Series boards
can useinterrupt channels 3, 4, 5, 7, 10, 11, 12, and 15. These selections
are all software configured and do not require you to manually change
any settings on the board. The following tables provide information
concerning possible conflicts when configuring your AT E Series

board.
Table 2-1.  PC AT I/0 Address Map
1/0O Address Range (Hex) Device
100 to 1EF —
1FO0to 1F8 IBM PC AT Fixed Disk
200 to 20F PC and PC AT Game Controller, reserved
210to0 213 PC-DI0O-24 — default
218to 21F —
220 to 23F Previous generation of AT-MIO boards — default
240 to 25F AT-DIO-32F — default
260to 27F Lab-PC/PC+ — default
278 to 28F AT Parallel Printer Port 2 (LPT2)
279 Reserved for Plug and Play operation
280 to 29F WD EtherCard+ — default
2A0to 2BF —
2E2to 2F7 —
2F8 to 2FF PC, AT Seria Port 2 (COM2)
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Table 2-1. PC AT I/0 Address Map (Continued)

1/0 Address Range (Hex) Device

300 to 30F 3Com EtherLink — default

310to 31F —

320to 32F ICM PC/XT Fixed Disk Controller
330to 35F —

360 to 363 PC Network (low address)

364 to 367 Reserved

368 to 36B PC Network (high address)

36C to 36F Reserved

370to 366 PC, AT Parallel Printer Port 1 (LPT1)
380t0 38C SDLC Communications

380 to 389 Bisynchronous (BSC) Communications (alternate)
390 to 393 Cluster Adapter 0

394 to 39F —

3A0to 3A9 BSC Communications (primary)
3AA to 3AF —

3B0 to 3BF Monochrome Display/Parallel Printer Adapter O
3C0to 3CF Enhanced Graphics Adapter, VGA
3D0to 3DF Color/Graphics Monitor Adapter, VGA
3EO to 3EF —

3F0 to 3F7 Diskette Controller

3F8to 3FF Serial Port 1 (COM1)

AT9 Reserved for Plug and Play operation
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Table 2-2.  PC AT Interrupt Assignment Map

IRQ Device
15 Available
14 Fixed Disk Controller
13 Coprocessor
12 AT-DIO-32F — default
11 AT-DIO-32F — default
10 AT-MIO-16 — default
9 PC Network — default

PC Network Alternate — default

8 Real Time Clock
7 Parallel Port 1 (LPT1)
6 Diskette Drive Controller

Fixed Disk and Diskette Drive Controller

5 Parallel Port 2 (LPT2)
PC-DI0-24 — defauit
Lab-PC/PC+ — defauit

4 Seria Port 1 (COM1)
BSC, BSC Alternate

3 Seria Port 2 (COM2)

BSC, BSC Alternate

Cluster (primary)

PC Network, PC Network Alternate
WD EtherCard+ — default

3Com EtherLink — default

2 IRQ 8-15 Chain (from interrupt controller 2)
1 Keyboard Controller Output Buffer Full
0 Timer Channel 0 Output
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Table 2-3. PC AT 16-bit DMA Channel Assignment Map

Channel Device
7 AT-MIO-16 series—default
6 AT-MIO-16 series — default

AT-DIO-32F — default

5 AT-DIO-32F — defaullt
4 Cascade for DMA Controller #1 (channels 0 through 3)
Note: ElSA computers also have channels 0-3 available as 16-bit DMA

channels.
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Hardware Overview

Chapter

This chapter presents an overview of the hardware functions on your
AT E Series board.

Figure 3-1 shows the block diagram for the AT-MI0O-16E-1 and
AT-MIO-16E-2
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Figure 3-1. AT-MIO-16E-1 and AT-MIO-16E-2 Block Diagram
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Figure 3-2 shows the block diagram for the AT-M10-64E-3.
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Figure 3-2. AT-MIO-64E-3 Block Diagram
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Figure 3-3 shows the block diagram for the AT-MI10-16E-10 and
AT-MI0O-16DE-10.
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Figure 3-3. AT-MIO-16E-10 and AT-MIO-16DE-10 Block Diagram

The primary differences between the AT-MI0-16E-10 and the
AT-MIO-16DE-10 arein the 8255 DIO port, which isnot present on the
AT-MIO-16E-10, and the I/O connector.
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Figure 3-4 shows a block diagram for the AT-MI0O-16X E-10.
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Figure 3-4. AT-MIO-16XE-10 Block Diagram
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Figure 3-5 shows a block diagram for the AT-Al-16XE-10.

>
REF
Voltage Calibration Buffer
REF DACs 2 /\
3 b
Analog > Mux Mode ;rogrammahle Salr%?\‘;g
----- Selection > ! »{ ADC g Daa
Muxes P Switches Gain AD FIFO ™= 4RI
Amplifier Converter
v >
|Calibration 1
Mux
EEPROM I
Memory Alconiol 7y
2 —
o Trigger Level Analog < IR ran a .y (]
5 DACs Trigger DMA g s T S
= E—— Circuitry =
O e 99 > < > T T o]
n > - N ' Analoginput | OMA/ v
[0} P - N| Trigger ! alog Inp! 1 Interrupt T T =
c PFI/ Trigger 1 Timing/Control 1 t Analog igeprom! pvA | g > O
c ——_ oy - R equest | - Contior ! Control 1 interface | €772
A — \| Counter/ Bus BAOSTC| “one |
o Timing Timing /O DAQ - STC | interface [\ DAQusT DAQ-PnP 2':3 Q
Of™ o ] €— | nterface Play —_
p _ - 1 Analog Output 1 RTSI Bus Tanaiog | 8255 | pus [ |
Q ' Digital I/0 (8) Digital I/O ! Timing/Control ! Interface Quiput | DO | Interface <‘—'> -
e <
Data (16)
\"

< RTSI Bus }

O National Instruments Corporation

Figure 3-5. AT-Al-16XE-10 Block Diagram
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Figure 3-6 shows a block diagram for the AT-MI0-16X E-50.
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Figure 3-6. AT-MIO-16XE-50 Block Diagram

Analog Input

The analog input section of each AT E Series board is software
configurable. You can select different analog input configurations
through application software designed to control the AT E Series
boards. The following sections describe in detail each of the analog
input categories.

Input Mode
The AT E Series boards have three different input modes—
nonreferenced single-ended (NRSE) input, referenced single-ended
(RSE) input, and differential (DIFF) input. The single-ended input
configurations use up to 16 channels (64 channels on the
AT-MIO-64E-3). The DIFF input configuration uses up to eight
channels (32 channels on the AT-MI10-64E-3). Input modes are
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programmed on a per channel basis for multimode scanning. For
example, you can configure the circuitry to scan 12 channels—four
differentially configured channels and eight single-ended channels.
Table 3-1 describes the three input configurations.

Table 3-1.  Available Input Configurations for the AT E Series

Configuration Description

DIFF A channel configured in DIFF mode usestwo analog
channel input lines. Oneline connectsto the positive
input of the board programmable gain
instrumentation amplifier (PGIA), and the other
connects to the negative input of the PGIA.

RSE A channel configured in RSE mode uses one analog
channel input line, which connects to the positive
input of the PGIA. The negative input of the PGIA
isinternally tied to analog input ground (AIGND).

NRSE A channel configured in NRSE mode uses one
analog channel input line, which connects to the
positiveinput of the PGIA. Thenegativeinput of the
PGIA connectsto the anal og input sense (A SENSE)
input.

For more information about the three types of input configuration, refer
to the Analog Input Signal Connections section in Chapter 4, Sgnal
Connections, which contains diagrams showing the signal paths for the
three configurations.

Input Polarity and Input Range

¢ AT-MIO-16E-1, AT-MIO-16E-2, AT-MIO-64E-3,
AT-MIO-16E-10, and AT-MI0-16DE-10

These boards have two input polarities—unipolar and bipolar.
Unipolar input meansthat the input voltage range is between 0 and
Ve, Where V4 is apositive reference voltage. Bipolar input
means that the input voltage range is between -V /2 and

+V /2. The AT-MIO-16E-1, AT-MIO-16E-2, AT-MIO-64E-3,
AT-MIO-16E-10, and AT-MI10-16DE-10 have a unipolar input
range of 10V (0to 10 V) and abipolar input range of 10V (£5V).
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Y ou can program polarity and range settings on a per channel basis
so that you can configure each input channel uniquely.

The software-programmable gain on these boards increases their
overall flexibility by matching the input signal ranges to those that
the ADC can accommodate. The AT-MIO-16E-1, AT-MIO-16E-2,
AT-MIO-64E-3, AT-MIO-16E-10, and AT-MI10-16DE-10 have
gainsof 0.5, 1, 2, 5, 10, 20, 50, and 100 and are suited for awide
variety of signal levels. With the proper gain setting, you can use
the full resolution of the ADC to measure the input signal.

Table 3-2 showsthe overall input range and precision according to
the input range configuration and gain used.

Table 3-2.  Actual Range and Measurement Precision

Range Gain | Actual Input Range Precision®
Configuration

Oto+10V 1.0 Oto+10V 244 mV
20 Oto+5V 1.22mV

5.0 Oto+2V 488.28 WV

10.0 Oto+1V 24414 WV

20.0 0to +500 mV 122.07 wv

50.0 0to +200 mV 48.83 wv

100.0 Oto +100 mV 24.41 W

-5t0+5V 05 -10to +10V 4.88 mV
1.0 -5to+5V 244 mV

2.0 -25t0+25V 1.22mvV

5.0 -lto+1V 488.28 uv

10.0 -500 to +500 mV 244.14 WV

20.0 -250 to +250 mV 122.07 wv

50.0 -100 to +100 mV 48.83 WV

100.0 -50 to +50 mV 24.41 WV

1The value of 1 LSB of the 12-bit ADC; that is, the voltage
increment corresponding to a change of one count inthe ADC
12-bit count.
Note: See Appendix A, Specifications, for absolute maximum
ratings.
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AT-MIO-16XE-10, AT-Al-16XE-10, AT-MI0O-16XE-50

These boards have two input polarities—unipolar and bipolar.
Unipolar input means that the input voltage range is between 0 and
Ve, Where V4 is a positive reference voltage. Bipolar input
means that theinput voltage rangeis between -V, and +V . The
AT-MIO-16XE-10, AT-Al-16XE-10, and AT-MI0O-16XE-50 have
aunipolar input range of 10V (0to 10 V) and a bipolar input range
of 20V (x10 V). You can program polarity and range settings on
a per channel basis so that you can configure each input channel
uniquely.

Note: You can calibrate your AT-MI0O-16XE-10, AT-Al-16XE-10, and
AT-MI0O-16XE-50 analog input circuitry for either a unipolar or bipolar
polarity. I f you mix unipolar and bipolar channelsin your scan list and you
are using NI-DAQ, then NI-DAQ will load the calibration constants
appropriateto the polarity for which analog input channel 0is configured.

O National Instruments Corporation

The software-programmable gain on these boards increases their
overall flexibility by matching the input signal ranges to those that
the ADC can accommodate. The AT-MIO-16XE-10 and
AT-AI-16XE-10 havegains of 1, 2, 5, 10, 20, 50, and 100 and the
AT-MIO-16XE-50 has gains of 1, 2, 10, and 100. These gains are
suited for awide variety of signal levels. With the proper gain
setting, you can use the full resolution of the ADC to measure the
input signal. Table 3-3 showsthe overall input range and precision
according to the input range configuration and gain used.
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Table 3-3.  Actual Range and Measurement Precision, AT-MI0O-16XE-10,
AT-Al-16XE-10, and AT-MIO-16XE-50

Range Gain | Actual Input Range Precision®
Configuration
Oto+10V 10 Oto+10V 152.59 pv
2.0 Oto+5V 76.29 pv
5.0 Oto+2V 3052 pv
10.0 Oto+1V 15.26 pv
20.0° 0to +500 mV 7.63uV
50.0° 0 to +200 mV 3.05 uv
100.0 0to 100 mV 153 v
-10to+10V 10 -10to+10V 305.18 pv
2.0 -5to+5V 152.59 pv
5.0% 2t0+2V 61.04 pv
10.0 -lto+1V 30.52 pv
20.0? -500 to +500 mV 15.26 pv
50.02 -200 to +200 mV 6.10 pv
100.0 -100 to +100 mV 3.05 W

1The value of 1 LSB of the 16-bit ADC; that is, the voltage
increment corresponding to a change of one count inthe ADC
16-bit count.

2AT-MIO-16XE-10 and AT-Al-16X E-10 only

Note: See Appendix A, Specifications, for absolute maximum
ratings.

Considerations for Selecting Input Ranges

Which input polarity and range you select depends on the expected
range of the incoming signal. A large input range can accommodate a
large signal variation but reduces the voltage resolution. Choosing a
smaller input range improves the voltage resolution but may result in
the input signal going out of range. For best results, you should match
the input range as closely as possible to the expected range of the input
signal. For example, if you are certain the input signal will not be
negative (below 0 V), unipolar input polarity is best. However, if the
signal is negative or equal to zero, inaccurate readings will occur if you
use unipolar input polarity.
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When you enable dither, you add approximately 0.5 LSB rms of white
Gaussian noise to the signal to be converted by the ADC. Thisaddition
isuseful for applicationsinvolving averaging to increase the resolution
of your AT E Series board, asin calibration or spectral analysis. In
such applications, noise modulation is decreased and differential
linearity isimproved by the addition of the dither. When taking DC
measurements, such as when checking the board calibration, you should
enable dither and average about 1,000 points to take a single reading.
This process removes the effects of quantization and reduces
measurement noise, resulting in improved resolution. For high-speed
applications not involving averaging or spectral analysis, you may want
to disable the dither to reduce noise. Y ou enable and disable the dither
circuitry through software.

Figure 3-7 illustrates the effect of dither on signal acquisition.

Figure 3-7ashowsasmall (+4 L SB) sine wave acquired with dither off.
The quantization of the ADC isclearly visible. Figure 3-7b showswhat
happens when 50 such acquisitions are averaged together; quantization
isstill plainly visible. In Figure 3-7c, the sine wave is acquired with
dither on. Thereis a considerable amount of noise visible. But
averaging about 50 such acquisitions, as shown in Figure 3-7d,
eliminates both the added noise and the effects of quantization. Dither
has the effect of forcing quantization noise to become a zero-mean
random variable rather than a deterministic function of the input signal.
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Figure 3-7. Dither

Y ou cannot disable dither onthe AT-M10-16XE-10, AT-Al-16XE-10,
or AT-MIO-16XE-50. Thisis because the resolution of the ADC is so
finethat the ADC and the PGIA inherently produce almost 0.5 L SB rms
of noise. Thisis equivalent to having a dither circuit that is always
enabled.

Multiple-Channel Scanning Considerations

AT-MIO/Al E Series User Manual

All of the AT E Series boards can scan multiple channels at the same
maximum rate as their single-channel rate; however, you should pay
careful attention to the settling times for each of the boards. The
settling time for most of the AT E Series boards is independent of the
selected gain, even at the maximum sampling rate. The settlingtimefor
the high channel count and very high-speed boards is gain dependent,
which can affect the useful sampling rate for agiven gain. No extra
settling time is necessary between channels aslong asthe gain is
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constant and source impedances are low. Refer to Appendix A,
Specifications, for a complete listing of settling times for each of the
AT E Series boards.

When scanning among channels at various gains, the settling times may
increase. When the PGIA switches to a higher gain, the signal on the
previous channel may be well outside the new, smaller range. For
instance, suppose a4 V signal is connected to channel 0 and a1l mV
signal is connected to channel 1, and suppose the PGIA is programmed
to apply again of oneto channel 0 and again of 100 to channel 1. When
the multiplexer switches to channel 1 and the PGIA switchesto again
of 100, the new full-scale range is 100 mV (if the ADC isin unipolar
mode).

The approximately 4 V step from 4V to 1 mV is4,000% of the new
full-scale range. For a 12-bit board to settle within 0.012% (120 ppm
or 1/2 LSB) of the 100 mV full-scale range on channel 1, the input
circuitry has to settle to within 0.0003% (3 ppm or 1/80 L SB) of the
4V step. It may take aslong as 100 ps for the circuitry to settle this
much. For a 16-bit board to settle within 0.0015% (15 ppm or 1 L SB)
of the 100 mV full-scale range on channel 1, the input circuitry has to
settle within 0.00004% (0.4 ppm or 1/400 L SB) of the 4 V step. It may
take as long as 200 s for the circuitry to settle this much. In general,
this extra settling time is not needed when the PGIA is switching to a
lower gain.

Settling times can al so increase when scanning high-impedance signals
due to a phenomenon called charge injection, where the anal og input
multiplexer injects a small amount of charge into each signal source
when that source is selected. If the impedance of the sourceis not low
enough, the effect of the charge—a voltage error—will not have
decayed by the time the ADC samples the signal. For this reason, you
should keep source impedances under 1 kQ to perform high-speed
scanning.

Due to problems with settling times, multiple-channel scanning is not
recommended unless sampling rates are low enough or it is necessary
to sample several signalsas nearly simultaneously aspossible. Thedata
is much more accurate and channel-to-channel independent if you
acquire data from each channel independently (for example, 100 points
from channel 0, then 100 points from channel 1, then 100 points from
channel 2, and so on).
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Analog Output

AT-MIO-16E-1, AT-MIO-16E-2, AT-MI10-64E-3,
AT-MIO-16E-10, AT-MI0O-16DE-10

The AT E Series boards supply two channels of analog output
voltage at the I/O connector. Y ou can select the reference and
range for the analog output circuitry through software. The
reference can be either internal or external, whereas the range can
be either bipolar or unipolar.

AT-MIO-16XE-50

The AT-MIO-16XE-50 supplies two channels of analog output
voltage at the I/O connector. The rangeis fixed at bipolar +10 V.
AT-MIO-16XE-10

The AT-MI0-16XE-10 supplies two channels of analog output

voltage at the I/O connector. The range is software selectable
between unipolar (0 to 10 V) and bipolar (+10 V).

Analog Output Reference Selection

¢

AT-MIO-16E-1, AT-MIO-16E-2, AT-MI0O-64E-3,
AT-MIO-16E-10, AT-MI10-16DE-10 only

Y ou can connect each D/A converter (DAC) to the AT E Series
board internal reference of 10 V or to the external reference signal
connected to the external reference (EXTREF) pin on the I/O
connector. This signal applied to EXTREF should be between
-10 and +10 V. You do not need to configure both channelsfor the
same mode.

Analog Output Polarity Selection

AT-MIO/Al E Series User Manual

¢

AT-MIO-16E-1, AT-MIO-16E-2, AT-MI0O-64E-3,
AT-MIO-16E-10, AT-MI10-16DE-10 only

Y ou can configure each analog output channel for either unipolar
or bipolar output. A unipolar configuration hasarange of 0to V ¢
at the analog output. A bipolar configuration has arange of -V ¢
to+V, attheanalog output. V4 iSthevoltage reference used by
the DACs in the analog output circuitry and can be either the

+10 V onboard reference or an externally supplied reference
between -10 and +10 V. Y ou do not need to configure both
channels for the same range.
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Selecting a bipolar range for a particular DAC means that any data
written to that DAC will be interpreted as two’s complement
format. Intwo’s complement mode, data values written to the
analog output channel can be either positive or negative. If you
select unipolar range, dataisinterpreted in straight binary format.
In straight binary mode, data values written to the anal og output
channel range must be positive.

AT-MIO-16XE-10

Y ou can configure each analog output channel for either unipolar
or bipolar output. A unipolar configuration hasarange of 0to 10 V
at the analog output. A bipolar configuration has a range of
-10to +10 V at the analog output. Y ou do not need to configure
both channels for the same range.

Analog Output Reglitch Selection

¢

Analog Trigger

AT-MIO-16E-1, AT-MIO-16E-2, and AT-MI0O-64E-3 only

In normal operation, a DAC output will glitch whenever it is
updated with anew value. The glitch energy differs from code to
code and appears as distortion in the frequency spectrum. Each
analog output of the AT-MI10O-16E-1, AT-MI0O-16E-2, and
AT-MIO-64E-3 contains areglitch circuit that generates uniform
glitch energy at every code rather than large glitches at the major
code transitions. Thisuniform glitch energy appears asamultiple
of the update rate in the frequency spectrum. Notice that this
reglitch circuit does not eliminate the glitches; it only makes them
more uniform in size. Reglitching is normally disabled at startup
and can be independently enabled for each channel through
software.

O National Instruments Corporation

AT-MIO-16E-1, AT-MIO-16E-2, AT-MI0O-64E-3,
AT-MIO-16XE-10, and AT-Al-16XE-10 only

In addition to supporting internal software triggering and external
digital triggering to initiate a data acquisition sequence, the
AT-MIO-16E-1, AT-MIO-16E-2, AT-MI0O-64E-3,
AT-MIO-16XE-10, and AT-Al-16XE-10 also support analog
triggering. Y ou can configure the analog trigger circuitry to accept
either a direct analog input from the PFIO/TRIG1 pin on the I/O
connector or a postgain signal from the output of the PGIA, as
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shown in Figure 3-8. Thetrigger-level range for the direct analog
channel is£10V in 78 mV steps for the AT-MI0O-16E-1,
AT-MIO-16E-2, and AT-MIO-64E-3, and +10 V in 4.9 mV steps
for the AT-MI0O-16XE-10 and AT-Al-16XE-10. Therangefor the
post-PGIA trigger selection is simply the full-scale range of the
selected channel, and the resolution isthat range divided by 256 for
the AT-MI0O-16E-1, AT-MIO-16E-2, and AT-MI0O-64E-3, and
divided by 4,096 for the AT-MIO-16XE-10 and AT-Al-16XE-10.

Note: The PFIO/TRIGL1 pin is a high-impedance input. Therefore, it is
susceptible to cross-talk from adjacent pins, which can result in false
triggering when the pin isleft unconnected. To avoid falsetriggering, make
surethis pin is connected to a low-impedance signal source (less than
10 kQ source impedance) if you plan to enable thisinput via software.

Analog
Input
Channels

PFIO/TRIG1

e e oo

ADC

Analog
Mux Trigger DAQ-STC
Circuit

AT-MIO/Al E Series User Manual

Figure 3-8. Analog Trigger Block Diagram

There are five analog triggering modes available, as shown in
Figures 3-9 through 3-13. You can set lowValue and highValue
independently in software.

In below-low-level anal og triggering mode, the trigger is generated
when the signal valueislessthan lowValue. HighValueisunused.
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lowValue

Trigger ! ’—[_

Figure 3-9. Below-Low-Level Analog Triggering Mode

In above-high-level analog triggering mode, the trigger is
generated when the signal value is greater than highValue.
LowValueis unused.

highValue

Trigger

Figure 3-10. Above-High-Level Analog Triggering Mode

In inside-region analog triggering mode, the trigger is generated
when the signal value is between the lowValue and the highValue.
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Figure 3-11. Inside-Region Analog Triggering Mode
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In high-hysteresis anal og triggering mode, the trigger is generated
when the signal value is greater than highValue, with the
hysteresis specified by lowValue.

highvalue ------ O N

Trigger m

[

.
i
i

lowValue ------ L U Y S
'
i

Figure 3-12. High-Hysteresis Analog Triggering Mode

In low-hysteresis analog triggering mode, the trigger is generated
when the signal value is less than lowValue, with the hysteresis
specified by highValue.

highvalue _____

lowValue _____%\ .. . e/ [ WA W S
meger [ L[ LI

Figure 3-13. Low-Hysteresis Analog Triggering Mode

Theanalog trigger circuit generatesan internal digital trigger based
on the analog input signal and the user-defined trigger levels. This
digital trigger can be used by any of the timing sections of the
DAQ-STC, including the analog input, analog output, and
general-purpose counter/timer sections. For example, the analog
input section can be configured to acquire n scans after the analog
input signal crosses a specific threshold. As another example, the
analog output section can be configured to update its outputs
whenever the analog input signal crosses a specific threshold.
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Timing Signal

The AT E Series boards contain eight lines of digital 1/0 for
general-purpose use. You can individually configure each line through
software for either input or output. The AT-MIO-16DE-10 has 24
additional DIO lines, configured as three 8-bit ports: PA<O0..7>,
PB<0..7>, and PC<0..7>. You can configure each port for both input and
output in various combinations, with some handshaking capabilities. At
system startup and reset, the digital 1/0 ports are all high impedance.

The hardware up/down control for general -purpose counters0 and 1 are
connected onboard to DIO6 and DIO7, respectively. Thus, you can use
DIO6 and DIO7 to control the general-purpose counters. The up/down
control signalsareinput only and do not affect the operation of the DIO
lines.

Routing

The DAQ-STC provides avery flexible interface for connecting timing
signals to other boards or external circuitry. Your AT E Series board
uses the RTSI bus for interconnecting timing signals between boards
and the Programmable Function Input (PFI) pins on the 1/O connector
for connecting to external circuitry. These connections are designed to
enablethe AT E Series board to both control and be controlled by other
boards and circuits.

There are atotal of 13 timing signalsinternal to the DAQ-STC that can
be controlled by an external source. These timing signals can also be
controlled by signals generated internally to the DAQ-STC, and these
selections are fully software configurable. For example, the signal
routing multiplexer for controlling the CONVERT* signal isshownin
Figure 3-14.
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Sample Interval Counter TC ~ ———|

RTSI Trigger <0..6> < —

— ——» CONVERT*
PFI<0..9> <

GPCTRO_OUT ——»

Figure 3-14. CONVERT* Signal Routing

Thisfigure showsthat CONVERT* can be generated from a number of
sources, including the external signals RTSI<0..6> and PFI<0..9> and
the internal signals Sample Interval Counter TC and GPCTRO_OUT.

Many of these timing signals are also available as outputs on the RTSI
pins, asindicated in the RTS Triggers section later in this chapter, and
on the PFI pins, asindicated in Chapter 4, Sgnal Connections.

Programmable Function Inputs

AT-MIO/Al E Series User Manual

The 10 PFIs are connected to the signal routing multiplexer for each
timing signal, and software can select one of the PFls as the external
source for agiven timing signal. It isimportant to note that any of the
PFIs can be used as an input by any of the timing signals and that
multiple timing signals can use the same PFI simultaneously. This
flexible routing scheme reduces the need to change physical
connections to the 1/O connector for different applications.
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Y ou can also individually enable each of the PFI pinsto output a
specificinternal timing signal. For example, if you need the UPDATE*
signal asan output on the I/O connector, software can turn on the output
driver for the PFIS/UPDATE* pin.

Board and RTSI Clocks

Many functions performed by the AT E Series boards reguire a
frequency timebase to generate the necessary timing signals for
controlling A/D conversions, DAC updates, or general-purpose signals
at the 1/0 connector.

An AT E Series board can use either itsinternal 20 MHz timebase or a
timebase received over the RTSI bus. In addition, if you configure the
board to use the internal timebase, you can also program the board to
driveitsinternal timebase over the RTSI bus to another board that is
programmed to receivethistimebase signal. Thisclock source, whether
local or from the RTSI bus, is used directly by the board as the primary
frequency source. The default configuration at startup is to use the
internal timebase without driving the RTSI bus timebase signal. You
select this timebase through software.

RTSI Triggers

The seven RTSI trigger lines on the RTSI bus provide avery flexible
interconnection scheme for any AT E Series board sharing the RTSI
bus. Thesebidirectional lines can drive any of eight timing signals onto
the RTSI bus and can receive any of these timing signals. This signal
connection scheme is shown in Figure 3-15.
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Refer to the Timing Connections section of Chapter 4 for a description

Figure 3-15. RTSI Bus Signal Connection

of the signals shown in Figure 3-15.
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Chapter

1/0 Connector

This chapter describes how to make input and output signal connections
to your AT E Series board via the board 1/0 connector.

The 1/O connector for the AT-MIO-16E-1, AT-MI0O-16E-2,
AT-MIO-16E-10, AT-MIO-16XE-10, AT-Al-16XE-10, and
AT-MIO-16XE-50 has 68 pins that you can connect to 68-pin
accessories with the SH6868 shielded cable or the R6868 ribbon cable.
With the SH6850 shielded cable or R6850 ribbon cable, you can
connect your board to 50-pin signal conditioning modules and terminal
blocks.

The I/O connector for the AT-MI0O-64E-3 and AT-MI0O-16DE-10 has
100 pins that you can connect to 100-pin accessories with the
SH100100 shielded cable. With the SH1006868 shielded cableyou can
connect your board to 68-pin accessories, and with the R1005050
ribbon cable you can connect your board to 50-pin accessories.

Figure 4-1 shows the pin assignments for the 68-pin 1/0O connector on
the AT-MIO-16E-1, AT-MIO-16E-2, AT-MI0O-16E-10,
AT-MIO-16XE-10, AT-Al-16XE-10, and AT-MI10O-16XE-50.

Figure 4-2 shows the pin assignments for the 100-pin |/O connector on
the AT-MI0-64E-3. Figure 4-3 shows the pin assignments for the
100-pin /O connector on the AT-MI10-16DE-10 . Refer to

Appendix B, Optional Cable Connector Descriptions, for the pin
assignments for the 50-pin connectors. A signal description followsthe
connector pinouts.

Warning: Connections that exceed any of the maximum ratings of input or output
g signalson the AT E Series boards can damage the AT E Series board and
the PC. Maximum input ratings for each signal are given in Tables 4-1
through 4-4 in the Protection column. National Instrumentsis NOT liable
for any damages resulting from such signal connections.
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AcHs [34]68]| AcHo
ACHL [33[67| AIGND
AIGND [32]66| ACH9
ACH10 |31[65| AcH2
ACH3 [30]64| AIGND
AIGND |29[63| ACH11
ACH4 [28]62| AISENSE
AIGND [27]61] AcCHI12
ACH13 |26[60| AcH5
ACH6 [25]59| AIGND
AIGND [24]58| ACH14
ACH15 [23]57| ACH7
DACOOUT [ 22|56 | AIGND
DAC10UT! [21[55| AOGND?
EXTREF® [20[54| AOGND’
DIO4 | 19(53| DGND
DGND [18]52] DIOO
DIO1 |17|51| DIOS
DIO6 |16|50| DGND
DGND |15[49]| DIO2
+5V |14|48| DIO7
DGND [13[47]| DIO3
DGND [12[46| SCANCLK
PFIOITRIGL | 11|45| EXTSTROBE*
PFILTRIG2 |10|44| DGND

DGND | 9 |43| PFI2/CONVERT*
+5V | 8 |42| PFI3/GPCTR1_SOURCE
DGND | 7 |41| PFI4/GPCTR1_GATE
PFIS/UPDATE* | 6 |40 | GPCTR1_OUT
PFI6/WFTRIG | 5 |39| DGND
DGND | 4 |38| PFI7/STARTSCAN
PFI9/GPCTRO_GATE | 3 |37 | PFI8/GPCTRO_SOURCE
GPCTRO_OUT | 2 | 36| DGND
FREQ_OUT | 1 (35| DGND

1Not available on AT-AI-16XE-10

2Not available on AT-MIO-16XE-10,
AT-Al-16XE-10, or AT-MIO-16XE-50

Figure 4-1. 1/0 Connector Pin Assignment for the AT-MI0-16E-1, AT-MIO-16E-2,
AT-MIO-16E-10, AT-MIO-16XE-10, AT-Al-16XE-10, and AT-MI0-16XE-50

AT-MIO/Al E Series User Manual 4-2 O National Instruments Corporation



Chapter 4  Signal Connections

AIGND [ 1 [ 51 | AcHi6
AIGND | 2 [ 52 | AcHz24
ACHO | 3 |53 | AcHi7
ACH8 [ 4 | 54 | ACH25
ACH1 | 5 | 55 | AcHi8
ACH9 | 6 [ 56 | AcH2e
AcH2 | 7 [ 57 | AcHi9
AcH10 | 8 | 58 | AcH27
ACH3 | 9 [ 59 | AcH20
ACH11 | 10 [ 60 | AcH28
AcH4 | 11 [ 61 | AcH21
ACH12 [ 12 | 62 | ACH29
ACH5 | 13| 63 | ACH22
ACH13 | 14 | 64 | ACH30
ACH6 | 15 | 65 | ACH23
AcH14 [ 16 | 66 | ACH31
ACH7 [ 17 | 67 | ACH32
ACH15 | 18 | 68 | ACH40
AISENSE | 19 | 69 | ACH33
DACOOUT [ 20 | 70 | AcCH41
DACIOUT [ 21 | 71 | AcCH34
EXTREF | 22 | 72 | ACH42
AOGND | 23 | 73 | ACH35
DGND | 24 | 74 | ACH43

DIo0 | 25 [ 75 | AISENSE2
DI04 [ 26 | 76 | AIGND
plo1 | 27 [ 77 | AcHse
DIOs | 28 | 78 | ACH44
DIO2 [ 29 [ 79 | ACH37
DIO6 | 30 | 80 | ACH45
DIO3 [ 31 [ 81 | ACH38
pIo7 [ 32 [ 82 | AcH4e
DGND | 33 | 83 | ACH39
+5V | 34 [ 84 | AcH4a7
+5V | 35 | 85 | ACH48
SCANCLK [ 36 | 86 | ACH56
EXTSTROBE* | 37 | 87 | ACH49
PFIO/TRIGL | 38 | 88 | ACH57
PFILTRIG2 | 39 | 89 | ACH50
PFI2/CONVERT* | 40 [ 90 | AcHss
PFI3/GPCTR1_SOURCE | 41 | 91 | AcHs1
PFI4/GPCTR1_GATE | 42 | 92 | ACHS59
GPCTR1_OUT | 43| 93 | ACH52
PFIS/UPDATE* | 44 | 94 | ACH60
PFIG/WFTRIG | 45 | 95 | ACHS3
PFI7/STARTSCAN | 46 | 96 | ACH61
PFIS/GPCTRO_SOURCE | 47 | 97 | ACH54
PFI9/GPCTRO_GATE | 48 | 98 | ACH62
GPCTRO_OUT [ 49 | 99 | AcHSs5
FREQ OUT [ 50 [ 100 | ACH63

Figure 4-2. 1/0 Connector Pin Assignment for the AT-MIO-64E-3
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AIGND

AIGND

ACHO

ACH8

ACH1

ACH9

ACH2

ACH10

ACH3

ACH11

ACH4

ACH12

ACH5

ACH13

ACH6

ACH14

ACH7

ACH15

AISENSE
DACOOUT
DAC10UT
EXTREF

AOGND

DGND

DIOO

DIO4

DIO1

DIOS

DIO2

DIO6

DIO3

DIO7

DGND

+5V

+5V

SCANCLK
EXTSTROBE*
PFIO/TRIG1
PFIL/TRIG2
PFI2/CONVERT*
PFI3/GPCTR1_SOURCE
PFI4/GPCTR1_GATE
GPCTR1_OUT
PFI5/UPDATE*
PFI6/WFTRIG
PFI7/STARTSCAN
PFI8/GPCTRO_SOURCE
PFI9/GPCTRO_GATE
GPCTRO_OUT
FREQ_OUT

1 51 PC7
2 52 GND
3 53 PC6
4 54 GND
5 55 PC5
6 56 GND
7 57 PC4
8 58 GND
9 59 PC3
10 | 60 GND
11 | 61 PC2
12 | 62 GND
13 | 63 PC1
14 | 64 GND
15 | 65 PCO
16 | 66 GND
17 | 67 PB7
18 | 68 GND
19 | 69 PB6
20 | 70 GND
21| 71 PB5
22 | 72 GND
23 | 73 PB4
24 | 74 GND
25 | 75 PB3
26 | 76 GND
27 | 77 PB2
28 | 78 GND
29 | 79 PB1
30 | 80 GND
31 | 81 PBO
32 | 82 GND
33 | 83 PA7
34 | 84 GND
35 | 85 PAG
36 | 86 GND
37 | 87 PA5
38 | 88 GND
39 [ 89 PA4
40 | 90 GND
41 | 91 PA3
42 | 92 GND
43 | 93 PA2
44 | 94 GND
45 | 95 PAL
46 | 96 GND
47 | 97 PAO
48 | 98 GND
49 | 99 +5V
50 | 100 | GND

Figure 4-3. 1/0 Connector Pin Assignment for the AT-MI0-16DE-10
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Chapter 4  Signal Connections

Signal Name Reference Direction

Description

AIGND

Analog Input Ground—T hese pins are the reference point
for single-ended measurements and the bias current return
point for differential measurements. All three ground
references—AIGND, AOGND, and DGND—are connected
together on your AT E Series board.

ACH<0..15> AIGND Input

Analog Input Channels 0 through 15—Each channel pair,
ACHK<i, i+8> (i = 0..7), can be configured as either one
differential input or two single-ended inputs.

ACH<16..63> AIGND Input

Analog Input Channels 16 through 63 (AT-MI10-64E-3
only)—Each channel pair, ACH<i, i+8> (i = 16..23, 32..39,
48..55), can be configured as either one differential input or
two single-ended inputs.

AISENSE AIGND Input

Analog Input Sense—This pin serves as the reference node
for any of channels ACH <0..15> in NRSE configuration.

AISENSE2 AIGND Input

Analog Input Sense (AT-MI0-64E-3 only)—This pin
serves as the reference node for any of channels ACH
<16..63> in NRSE configuration.

DACOOUT AOGND Output

Analog Channel 0 Output—This pin supplies the voltage
output of analog output channel 0. Thispinisnot available
on the AT-Al-16XE-10.

DAC10UT AOGND Output

Analog Channel 1 Output—This pin supplies the voltage
output of analog output channel 1. Thispinisnot available
on the AT-Al-16XE-10.

EXTREF AOGND Input

External Reference—Thisisthe external referenceinput for
the analog output circuitry. Thispinis not available on the
AT-MIO-16XE-10, AT-Al-16XE-10, or
AT-MIO-16XE-50.

AOGND

Analog Output Ground—T he anal og output voltages are
referenced to thisnode. All three ground references—
AIGND, AOGND, and DGND—are connected together on
your AT E Series board.

DGND

Digital Ground—This pin supplies the reference for the
digital signals at the /0O connector aswell asthe +5VDC
supply. All three ground references—AIGND, AOGND,
and DGND—are connected together on your AT E Series
board.

O National Instruments Corporation
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Signal Name Reference Direction Description  (Continued)

DIO<0..7> DGND Input or Digital 1/0 signals—DI0O6 and 7 can control the up/down

Output signal of general-purpose counters 0 and 1, respectively.

PA<0..7> DGND Input or Port A—Thesepinsare port A of theextradigital 1/O signals

Output on the AT-MI0O-16DE-10.

PB<0..7> DGND Input or Port B—These pinsare port B of the extradigital 1/O signals

Output on the AT-MI0O-16DE-10.

PC<0..7> DGND Input or Port C—These pinsare port C of theextradigital 1/O signals

Output on the AT-MI0O-16DE-10.

+5V DGND Output +5 VDC Source—These pins are fused for up to 1 A of
+5V supply. Thefuseis self-resetting.

SCANCLK DGND Output Scan Clock—This pin pulses once for each A/D conversion
in the scanning modes when enabled. Thelow-to-high edge
indicates when the input signal can be removed from the
input or switched to another signal.

EXTSTROBE* DGND Output Externa Strobe—This output can betoggled under software
control to latch signalsor trigger events on external devices.

PFIO/TRIG1 DGND Input PFI0/Trigger 1—As an input, this is either one of the
Programmable Function Inputs (PFls) or the source for the
hardware analog trigger. PFI signals are explained in the
Timing Connections section later in this chapter. The
hardware analog trigger is explained in the Analog Trigger
section in Chapter 2. Analog trigger isavailable only on the
AT-MIO-16E-1, AT-MIO-16E-2, AT-MIO-16X E-10,
AT-AI-16XE-10, and the AT-MIO-64E-3.

Output Asan output, thisisthe TRIG1 signa. In posttrigger data
acquisition sequences, alow-to-high transition indicates the
initiation of the acquisition sequence. In pretrigger
applications, alow-to-high transition indicates the initiation
of the pretrigger conversions.

PFIVTRIG2 DGND Input PFIL/Trigger 2—As an input, thisis one of the PFIs.

Output Asan output, thisisthe TRIG2 signal. In pretrigger
applications, alow-to-high transition indicates theinitiation
of the posttrigger conversions. TRIG2 isnot used in
posttrigger applications.
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Signal Name Reference Direction Description  (Continued)
PFI2/CONVERT* DGND Input PFI2/Convert—As an input, thisis one of the PFIs.

Output Asan output, thisisthe CONVERT* signal. A high-to-low
edge on CONVERT* indicates that an A/D conversion is
occurring.

PFI3/GPCTR1_SOURCE DGND Input PFI3/Counter 1 Source—As an input, thisis one of the
PFls.

Output Asan output, thisisthe GPCTR1_SOURCE signal. This
signal reflects the actual source connected to the
general-purpose counter 1.

PFI4/GPCTR1_GATE DGND Input PFl4/Counter 1 Gate—As an input, thisis one of the PFls.

Output Asan output, thisisthe GPCTR1_GATE signal. Thissignal
reflects the actual gate signal connected to the
general-purpose counter 1.

GPCTR1_OUT DGND Output Counter 1 Output—T his output is from the general-purpose
counter 1 output.
PFI5/UPDATE* DGND Input PFI5/Update—As an input, thisis one of the PFIs.

Output Asan output, thisisthe UPDATE* signal. A high-to-low
edge on UPDATE?* indicates that the anal og output primary
group is being updated.

PFI6/WFTRIG DGND Input PFI6/Waveform Trigger—As an input, thisis one of the
PFls.

Output As an output, thisisthe WFTRIG signal. Intimed analog
output sequences, alow-to-high transition indicates the
initiation of the waveform generation.

PFI7/STARTSCAN DGND Input PFI7/Start of Scan—As an input, thisis one of the PFIs.

Output Asan output, thisisthe STARTSCAN signal. Thispin
pulses once at the start of each analog input scan in the
interval scan. A low-to-high transition indicates the start of
the scan.

PFI8/GPCTRO_SOURCE DGND Input PFI8/Counter 0 Source—As an input, thisis one of the
PFls.

Output Asan output, thisisthe GPCTR0O_SOURCE signal. This
signal reflects the actual source connected to the
general-purpose counter 0.
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Signal Name Reference Direction Description  (Continued)
PFI9/GPCTRO_GATE DGND Input PFI9/Counter 0 Gate—As an input, thisis one of the PFIs.
Output Asan output, thisisthe GPCTRO_GATE signal. Thissignal
reflects the actual gate signal connected to the
general-purpose counter 0.
GPCTRO_OUT DGND Output Counter 0 Output—This output is from the general-purpose
counter O output.
FREQ OUT DGND Output Frequency Output—This output is from the frequency
generator output.
Table 4-1 shows the I/O signal summary for the AT-MI10O-16E-1,
AT-MIO-16E-2 and AT-MIO-64E-3.
Table 4-1.  1/0 Signal Summary, AT-MIO-16E-1, AT-MI0-16E-2, and AT-MI0-64E-3
Signal Name Drive | Impedance Protection Source Sink Rise Bias
Input/ (Volts) (mA at V) (mAat | Time
Output On/Off V) (ns)
ACH<0..63> Al 100 GQ 25/15 — — —_ +200 pA
in parallel
with
100 pF
AISENSE, AISENSE2 Al 100 GQ 25/15 — — — +200 pA
in parallel
with
100 pF
AIGND AO — — — — — —
DACOOUT AO 01Q Short-circuit 5at 10 5at-10 20 —
to ground Vius
DAC10UT AO 01Q Short-circuit 5at 10 5at-10 20 —
to ground Vius
EXTREF Al 10kQ 25/15 — — — —
AOGND AO — — — — — —
DGND DO — — — — — —
VCC DO 0.1Q Short-circuit 1A — — —
to ground
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Table 4-1.  1/0 Signal Summary, AT-MIO-16E-1, AT-MIO-16E-2, and AT-MI0-64E-3 (Continued)
Signal Name Drive | Impedance Protection Source Sink Rise Bias
Input/ (Volts) (mA at V) (mAat | Time
Output On/Off V) (ns)
DIO<0..7> DIO | — Ve +05 13at (Vec-04) | 24a 11 | 50kQput
04
SCANCLK DO — — 35at (Vc-04)| 5at04 15 50 kQ pu
EXTSTROBE* DO — — 35at (Vc-04)| 5a04 15 50 kQ pu
PFIOITRIGL ADIO| 10kQ Ve +05/+35| 35a (Vge-04)| 5at04 | 15 50 kQ pu?
PFIL/TRIG2 DIO | — Ve +05 35a (Vec-04)| 5a04 | 15 | 50kQpu
PFI2/CONVERT* DIO | — Ve +0.5 35at (Vc-04)| 5a04 | 15 50 kQ pu
PFI3/GPCTR1_SOURCE | DIO | — Ve +05 35a (Vec-04)| 5a04 | 15 50 kQ pu
PFI4/GPCTR1_GATE DIO — Ve +0.5 35at (Vc-04)| 5at04 15 50 kQ pu
GPCTR1_OUT DO — — 35at (Vc-04)| 5a04 15 50 kQ pu
PFIS/UPDATE* DIO | — Ve +05 35a (Vec-04)| 5a04 | 15 50 kQ pu
PFIB/WFTRIG DIO — Ve +0.5 35at (Vc-04)| 5at04 15 50 kQ pu
PFI7/STARTSCAN DIO | — Ve +05 35at (Vc-04)| 5a04 | 15 50 kQ pu
PFIS/IGPCTRO_SOURCE | DIO | — Ve +05 35a (Vec-04)| 5a04 | 15 50 kQ pu
PFI9/GPCTRO_GATE DIO — Ve +0.5 35at (Vc-04)| 5at04 15 50 kQ pu
GPCTRO_OUT DO — — 35at (Vc-04)| 5a04 15 50 kQ pu
FREQ OUT DO — — 35a (Ve-04) | 5a04 | 15 50 kQ pu
1DI0 <6..7> are o pulled down with a50 kQ resistor.
Al = Anaog Input DIO = Digital Input/Output pu = pullup

AO = Anaog Output

Note:

DO = Digital Output

2Also pulled down with a 10 kQ resistor.

ADIO = Analog/Digita Input/Output

Thetolerance on the 50 kQ pullup and pulldown resistorsisvery large. Actual value may range between
17 kQ and 100 kQ.
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Table 4-2 shows the I/O signal summary for the AT-MI10-16E-10 and
AT-MIO-16DE-10.

Table 4-2. /0 Signal Summary, AT-MI0-16E-10 and AT-MI0-16DE-10

Signal Name Drive | Impedance | Protection Source Sink Rise Bias
Input/ (Voalts) (mA at V) (mA at V)| Time
Output On/Off (ns)
ACH<0..15> Al 100GQ in 35/25 — — — +200 pA
parallel
with 50 pF
AISENSE Al 100GQin 35/25 — — — +200 pA
parallel
with 50 pF
AIGND AO — — — — — —
DACOOUT AO 01Q Short-circuit | 5at 10 5at-10 15 —
to ground Vs
DAC10UT AO 01Q Short-circuit | 5at 10 5at-10 15 —
to ground Vs
EXTREF Al 10kQ 35/25 — — — —
AOGND AO — — — — — —
DGND DO — — — — — —
VCC DO 01Q Short-circuit | 1A — — —
to ground
DIO<0..7> DIO | — Ve +05 13at (Vec-04) | 24at04| 11 | 50kQ put
PA<0..7> DIO — Ve 105 25a 39 25a04| 5 100 kQ pu
PB<0..7> DIO — Ve 105 25a 3.9 25a04| 5 100 kQ pu
PC<0..7> DIO — Ve +0.5 25a 39 25a04| 5 100 kQ pu
SCANCLK DO — — 35a (Ve-04) 5a 04 15 50 kQ pu
EXTSTROBE* DO — — 35a (Vec-04) |5a04 | 1.5 | 50kQ pu
PFIO/TRIGL DIO — Ve +0.5 35at (Ve -0.4) 5a 04 15 50 kQ pu
PFIJ/TRIG2 DIO — Ve 0.5 35a (Ve-04) 5a 04 15 50 kQ pu
PFI2/CONVERT* DIO | — Ve +0.5 35a (Vec-04) |5a04 | 1.5 | 50kQ pu
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Table 4-2.  1/0 Signal Summary, AT-MIO-16E-10 and AT-MIO-16DE-10 (Continued)

Signal Name Drive | Impedance | Protection Source Sink Rise Bias
Input/ (Volts) (mA at V) (mA at V)| Time
Output On/Off (ns)
PFI3/GPCTR1_SOURCE| DIO — Ve +0.5 35at (Ve -0.4) 5a 04 15 50 kQ pu
PFI4/GPCTR1_GATE DIO — Ve +0.5 35at (Ve -0.4) 5a04 15 50kQ pu
GPCTR1_OUT DO — — 35a (Vgc-04) |5a04 | 15 |50kQpu
PFI5/UPDATE* DIO — Ve +0.5 35at (Ve -0.4) 5a 04 15 50 kQ pu
PFIG/WFTRIG DIO | — Ve +05 35a (Vc-04) |5a04 | 15 |50kQ pu
PFI7/STARTSCAN DIO | — Ve +0.5 35a (Vec-04) |5at04 | 15 | 50kQ pu
PFI8/GPCTRO_SOURCE| DIO — Ve +0.5 35at (Ve -0.4) 5a 04 15 50 kQ pu
PFI9/GPCTRO_GATE DIO — Ve 105 35at (Vce-04) 5a04 15 50kQ pu
GPCTRO_OUT DO — — 35a (Vgc-04) |5a04 | 15 |50kQpu
FREQ OUT DO — — 35a (Vc-04) |5a04 | 15 |50kQ pu
1DIO <6..7> are also pulled down with a50 kQ resistor.
Al = Analog Input DIO = Digital Input/Output pu = pullup
AO =Anaog Output DO = Digital Output
Note: Thetolerance on the 50 kQ pullup and pulldown resistorsisvery large. Actual value may range between
17 kQ and 100 kQ.
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Table 4-3 showsthe /O signal summary for the AT-M10-16XE-10 and
AT-Al-16XE-10.

Table 4-3.  1/0 Signal Summary, AT-MI0-16XE-10 and AT-Al-16XE-10

Signal Name Drive | Impedance Protection Source Sink Rise Bias
Input/ (Volts) (mA at V) (mAat | Time
Output On/Off V) (ns)
ACH<0..15> Al 100GQin | 25/15 — — — +1nA
parallel
with
100 pF
AISENSE Al 100GQin | 25/15 — — — +1nA
parallel
with
100 pF
AIGND AO — — — — — —
DACOOUT AO 01Q Short-circuit | 5at 10 5a-10 | 5 —
to ground Vs
DAC1OUT AO 01Q Short-circuit | 5at 10 5a-10 | 5 —
to ground Vs
AOGND AO — — — — — —
DGND DO — — — — — —
VCC DO 01Q Short-circuit | 1A — — —
to ground
DIO<0..7> DIO — Ve +0.5 13at (Vee-04) | 24a04| 11 50 kQ pu
SCANCLK DO — — 35at (Vec-04) | 5a04 | 15 50 kQ pu
EXTSTROBE* DO — — 35at (Vec-04) | 5a04 | 15 50 kQ pu
PFIO/TRIG1 DIO — Ve +0.5 35at (Vec-04) | 5a04 | 15 4.75kQ pu
PFIJ/TRIG2 DIO — Ve +0.5 35at (Vec-04) | 5a04 | 15 50 kQ pu
PFI2/ICONVERT* DIO — Ve +0.5 35at(Vec-04) | 5a04 | 15 50 kQ pu
PFI3/GPCTR1_SOURCE | DIO — Ve +0.5 35at (Vec-04) | 5a04 | 15 50 kQ pu
PFI4/GPCTR1_GATE DIO — Ve +0.5 35at (Vec-04) | 5a04 | 15 50 kQ pu
GPCTR1_OUT DO — — 35at(Vec-04) | 5a04 | 15 50 kQ pu
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Table 4-3.  1/0 Signal Summary, AT-MIO-16XE-10 and AT-Al-16XE-10 (Continued)

Signal Name Drive | Impedance Protection Source Sink Rise Bias
Input/ (Volts) (mA at V) (mAat | Time
Output On/Off V) (ns)
PFI5/UPDATE* DIO — Ve +0.5 35at (Vec-04) | 5at04 | 15 50 kQ pu
PFI6/WFTRIG DIO — Ve +0.5 35at (Vec-04) | 5a04 | 15 50 kQ pu
PFI7/ISTARTSCAN DIO — Ve +0.5 35at(Vec-04) | 5a04 | 15 50 kQ pu
PFI8/GPCTRO_SOURCE | DIO — Ve +0.5 35at (Vec-04) | 5at04 | 15 50 kQ pu
PFI9/GPCTRO_GATE DIO — Ve +0.5 35at (Vec-04) | 5a04 | 15 50 kQ pu
GPCTRO_OUT DO — — 35at(Vec-04) | 5a04 | 15 50 kQ pu
FREQ _OUT DO — — 35a (Vee04) | 5804 | 15 50 kQ pu
Al = Analog Input DIO = Digital Input/Output pu = pullup
AO = Analog Output DO = Digital Output
Note: Thetolerance on the 50 kQ pullup and pulldown resistorsisvery large. Actual value may range between
17 kQ and 100 kQ.
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Table 4-4 shows the |/O signal summary for the AT-M10-16XE-50.

Table 4-4. 1/0 Signal Summary, AT-MI0-16XE-50

Signal Name Drive | Impedance Protection Source Sink Rise Bias
Input/ (Volts) (mA at V) (mAat | Time
Output On/Off V) (ns)
ACH<0..15> Al 20GQin 25/15 — — — +3nA
parallel
with
100 pF
AISENSE Al 20GQin 25/15 — — — +3nA
parallel
with
100 pF
AIGND AO — — — — — —
DACOOUT AO 01Q Short-circuit | 5at 10 5a-10 | 2 —
to ground Vs
DAC1OUT AO 01Q Short-circuit | 5at 10 5a-10 | 2 —
to ground Vs
AOGND AO — — — — — —
DGND DO — — — — — —
VCC DO 01Q Short-circuit | 1A — — —
to ground
DIO<0..7> DIO — Ve +0.5 13at (Vee-04) | 24a04| 11 50 kQ put
SCANCLK DO — — 35at (Vec-04) | 5a04 | 15 50 kQ pu
EXTSTROBE* DO — — 35at (Vec-04) | 5a04 | 15 50 kQ pu
PFIO/TRIG1 DIO — Ve +0.5 35at (Vec-04) | 5a04 | 15 50 kQ pu
PFIVTRIG2 DIO — Ve +0.5 35at (Vec-04) | 5a04 | 15 50 kQ pu
PFI2/ICONVERT* DIO — Ve +0.5 35at(Vec-04) | 5a04 | 15 50 kQ pu
PFI3/GPCTR1_SOURCE | DIO — Ve +0.5 35at (Vec-04) | 5a04 | 15 50 kQ pu
PFI4/GPCTR1_GATE DIO — Ve +0.5 35at (Vec-04) | 5a04 | 15 50 kQ pu
GPCTR1_OUT DO — — 35at(Vec-04) | 5a04 | 15 50 kQ pu
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Table 4-4. 1/0 Signal Summary, AT-MIO-16XE-50 (Continued)

Signal Name Drive | Impedance Protection Source Sink Rise Bias
Input/ (Volts) (mA at V) (mAat | Time
Output On/Off V) (ns)
PFI5/UPDATE* DIO — Ve +0.5 35at (Vec-04) | 5a04 | 15 50 kQ pu
PFI6/WFTRIG DIO — Ve +0.5 35at(Vc-04) | 5a04 | 15 50 kQ pu
PFI7Z/STARTSCAN DIO | — Ve +0.5 35at (Vec-04) | 5a04 | 15 50kQ pu
PFI8/GPCTRO_SOURCE DIO — Ve +0.5 35at (Vec-04) | 5a04 | 15 50 kQ pu
PFI9/GPCTRO_GATE DIO — Ve +0.5 35at (Vec-04) | 5a04 | 15 50 kQ pu
GPCTRO_OUT DO — — 35at (Vgc-04) | 5a04 | 15 50 kQ pu
FREQ OUT DO — — 35a (V04) | 5a04 | 15 50 kQ pu
1DIO <6..7> are also pulled down with a 50 kQ resistor.
Al = Analog Input DIO = Digital Input/Output pu = pullup
AO = Analog Output DO = Digital Output
Note: Thetoleranceon the 50 kQ pullup and pulldown resistorsisvery large. Actual value may range between
17 kQ and 100 kQ.

O National Instruments Corporation 4-15 AT-MIO/Al E Series User Manual



Chapter 4  Signal Connections

Analog Input Signal Connections

¢ AT-MIO-16E-1, AT-MIO-16E-2, AT-MIO-16E-10,
AT-MIO-16DE-10, AT-MIO-16XE-10, AT-Al-16XE-10,
AT-MIO-16XE-50

Theanaloginput signalsare ACH<0..15>, AISENSE, and AIGND.
The ACH<0..15> signals aretied to the 16 analog input channel s of
your AT E Seriesboard. In single-ended mode, signals connected
to ACH<O0..15> arerouted to the positive input of the board PGIA.
In differential mode, signals connected to ACH<O..7> arerouted to
the positive input of the PGIA, and signals connected to
ACH<8..15> are routed to the negative input of the PGIA.

¢ AT -MIO-64E-3

The analog input signals are ACH<0..63>, AISENSE, AISENSE2,
and AIGND. The ACH<0..63> signals are tied to the 64 analog
input channels of the AT-MI10-64E-3. In single-ended mode,
signals connected to ACH<0..63> are routed to the positive input
of the AT-MI0O-64E-3 PGIA. Indifferential mode, signals
connected to ACH<0..7, 16..23, 32..39, 48..55> are routed to the
positive input of the PGIA, and signals connected to ACH<8..15,
24..31, 40..47, 56..63> are routed to the negative input of the PGIA.

Warning: Exceeding the differential and common-mode input ranges distorts your
? input signals. Exceeding the maximum input voltage rating can damage
the AT E Seriesboard and the PC. National I nstrumentsisNOT liable for
any damages resulting from such signal connections. The maximum input
voltage ratings are listed in Tables 4-1 through 4-4 in the Protection
column.

AT-MIO/Al E Series User Manual

In NRSE mode, the AISENSE and AISENSE?2 signals are connected
internally to the negative input of the AT E Series board PGIA when
their corresponding channels are selected. In DIFF and RSE modes,
these signals are left unconnected.

AIGND isan analog input common signal that is routed directly to the
ground tie point onthe AT E Series boards. Y ou can usethissignal for
a general analog ground tie point to your AT E Series board if
necessary.

Connection of analog input signalsto your AT E Series board depends
on the configuration of the analog input channels you are using and the
type of input signal source. With the different configurations, you can
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use the PGIA in different ways. Figure 4-4 shows a diagram of your
AT E Series board PGIA.

Instrumentation
Amplifier
Vin+ O— +
PGIA —O+
: - Vi Measured
Vip. O——
Voltage

<

Vm = [Vin+ - Vin-]* Gain

Figure 4-4. AT E Series PGIA

The PGIA applies gain and common-mode voltage rejection and
presents high input impedance to the analog input signals connected to
your AT E Seriesboard. Signalsare routed to the positive and negative
inputs of the PGIA through input multiplexers on the board. The PGIA
converts two input signalsto asignal that is the difference between the
two input signals multiplied by the gain setting of the amplifier. The
amplifier output voltage isreferenced to the ground for the board. Y our
AT E Series board A/D converter (ADC) measures this output voltage
when it performs A/D conversions.

Y ou must reference all signals to ground either at the source device or
at the board. If you have a floating source, you should reference the
signal to ground by using the RSE input mode or the DIFF input
configuration with bias resistors (see the Differential Connections for
Nonreferenced or Floating Signal Sourcessection later in this chapter).
If you have a grounded source, you should not reference the signal to
AIGND. You can avoid this reference by using DIFF or NRSE input
configurations.
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Types of Signal Sources

When configuring the input channels and making signal connections,
you must first determine whether the signal sources are floating or
ground-referenced. The following sections describe these two types of
signals.

Floating Signal Sources

A floating signal source is one that is not connected in any way to the
building ground system but, rather, has an isolated ground-reference
point. Some examples of floating signal sources are outputs of
transformers, thermocouples, battery-powered devices, optical isolator
outputs, and isolation amplifiers. An instrument or device that has an
isolated output is afloating signal source. You must tie the ground
reference of afloating signal to your AT E Series board analog input
ground to establish alocal or onboard reference for the signal.
Otherwise, the measured input signal varies as the source floats out of
the common-mode input range.

Ground-Referenced Signal Sources

A ground-referenced signal sourceisonethat is connected in some way
to the building system ground and is, therefore, already connected to a
common ground point with respect to the AT E Series board, assuming
that the PC is plugged into the same power system. Nonisolated outputs
of instruments and devices that plug into the building power system fall
into this category.

The difference in ground potential between two instruments connected
to the same building power system is typically between 1 and 100 mV
but can be much higher if power distribution circuits are not properly
connected. If agrounded signal source isimproperly measured, this
difference may appear as an error in the measurement. The connection
instructions for grounded signal sources are designed to eliminate this
ground potential difference from the measured signal.

Input Configurations

AT-MIO/Al E Series User Manual

Y ou can configure your AT E Series board for one of three input
modes—NRSE, RSE, or DIFF. The following sections discuss the use
of single-ended and differential measurements and considerations for
measuring both floating and ground-referenced signal sources.
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Figure 4-5 summarizes the recommended input configuration for both
types of signal sources.

Signal Source Type

Floating Signal Source
(Not Connected to Building Ground)

Grounded Signal Source

Examples
Input

« Ungrounded Thermocouples
« Signal conditioning with isolated outputs
« Battery devices

Examples

¢ Plug-in instruments with
nonisolated outputs

ACH(+) N ACH(+)
i —— =
R
Differential nL AIGND
(DIFF)

i

See text for information on bias resistors.

WYY

A

AIGND

— Y

Single-Ended —
Ground

NOT RECOMMENDED
ACH ACH
+ +
@1 AIGND >‘° @1 >—'
Referenced
(RSE) nL _T_ NL Ve - J_

Ground-loop losses, Vg, are added to
measured signal

Single-Ended —

ACH N ACH \

Nonreferenced @1 AISERSE > @1 AIENSE >
(NRSE) "

,7]77 j__ AIGND /7];7 AIGNDJ_’_

See text for information on bias resistors.

Figure 4-5. Summary of Analog Input Connections
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Differential Connection Considerations (DIFF Input Configuration)

AT-MIO/Al E Series User Manual

A differential connection isoneinwhichthe AT E Series board analog
input signal has its own reference signal or signal return path. These
connections are available when the selected channel is configured in
DIFF input mode. The input signal istied to the positive input of the
PGIA, and itsreference signal, or return, istied to the negative input of
the PGIA.

When you configure a channel for differential input, each signal uses
two multiplexer inputs—one for the signal and one for its reference
signal. Therefore, with a differential configuration for every channel,
up to eight analog input channels are available (up to 32 channelson the
AT-MIO-64E-3).

Y ou should use differential input connections for any channel that
meets any of the following conditions:
e Theinput signal islow level (lessthan 1 V).

« Theleads connecting the signal to the AT E Series board are
greater than 10 ft (3 m).

e Theinput signal requires a separate ground-reference point or
return signal.

e Thesignal leads travel through noisy environments.
Differential signal connections reduce picked-up noise and increase
common-mode noise rejection. Differential signal connections also

allow input signals to float within the common-mode limits of the
PGIA.
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Differential Connections for Ground-Referenced
Signal Sources

Figure 4-6 shows how to connect a ground-referenced signal source to
an AT E Series board channel configured in DIFF input mode.

ACH<0..7>
o oo—
Ground- o S o—9
Referenced + o S o—e
Signal v * Instrumentation
s . ipr
Source . Amplifier
- o ¢ o—
ACH<8..15>
° v Mealsured
Common- R Voltage
Mode + © ¢ o—9
Noiseand /|, o S o—e
Ground cm ¢
Potential - .
o & o—
Input Multiplexers
O—
AISENSE
o
AIGND
1/O Connector T
Selected Channel in DIFF Configuration

Figure 4-6. Differential Input Connections for Ground-Referenced Signals

With this type of connection, the PGIA rejects both the common-mode
noise in the signal and the ground potential difference between the
signal source and the AT E Series board ground, shown as V¢, in
Figure 4-6.
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Differential Connections for Nonreferenced or
Floating Signal Sources

Figure 4-7 shows how to connect a floating signal source to an
AT E Series board channel configured in DIFF input mode.

I/O Connector

ACH<0..7>
o o—
Bias
resistors |© co—e
Floating + |(seetext) o o—e
Signal \V/ : Instrumentation
Source s J : Amplifier
- § o o
ACH<8..15>
o—— R v Measured
m Voltage
o s o—e 5
Bias o So—e
C;urrent l l v .
eturn B
Paths o S o—

/—>

Input Multiplexers

O_—.
AISENSE

AIGND

Selected Channel in DIFF Configuration

7

—
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Figure 4-7. Differential Input Connections for Nonreferenced Signals

Figure 4-7 showstwo biasresistors connected in parallel with thesignal
leads of afloating signal source. If you do not use the resistors and the
source is truly floating, the source is not likely to remain within the
common-mode signal range of the PGIA, and the PGIA will saturate,
causing erroneous readings. Y ou must reference the sourceto AIGND.
The easiest way is simply to connect the positive side of the signal to
the positive input of the PGIA and connect the negative side of the
signal to AIGND as well as to the negative input of the PGIA, without
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any resistorsat all. Thisconnection workswell for DC-coupled sources
with low source impedance (less than 100 Q).

However, for larger source impedances, this connection leaves the
differential signal path significantly out of balance. Noise that couples
electrostatically onto the positive line does not coupl e onto the negative
line because it is connected to ground. Hence, this noise appears as a
differential-mode signal instead of a common-mode signal, and so the
PGIA doesnot reject it. Inthis case, instead of directly connecting the
negative lineto AIGND, connect it to AIGND through aresistor that is
about 100 times the equivalent source impedance. Theresistor putsthe
signal path nearly in balance, so that about the same amount of noise
couples onto both connections, yielding better rejection of
electrostatically coupled noise. Also, this configuration does not load
down the source (other than the very high input impedance of the
PGIA).

Y ou can fully balance the signal path by connecting another resistor of
the same value between the positive input and AIGND, as shown in
Figure 4-7. This fully balanced configuration offers slightly better
noise rejection but has the disadvantage of loading the source down
with the series combination (sum) of the two resistors. If, for example,
the source impedance is 2 kQ and each of the two resistorsis 100 kQ,
the resistors load down the source with 200 kQ and produce a-1% gain
error.

Both inputs of the PGIA require a DC path to ground in order for the
PGIA towork. If the sourceis AC coupled (capacitively coupled), the
PGIA needs aresistor between the positive input and AIGND. If the
source has low impedance, choose aresistor that islarge enough not to
significantly load the source but small enough not to produce
significant input offset voltage as a result of input bias current
(typically 100 kQ to 1 MQ). Inthis case, you can tie the negative input
directly to AIGND. If the source has high output impedance, you
should balance the signal path as previously described using the same
value resistor on both the positive and negative inputs; you should be
aware that there is some gain error from loading down the source.
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Single-Ended Connection Considerations

A single-ended connection is one in which the AT E Series board
analog input signal is referenced to a ground that can be shared with
other input signals. Theinput signal istied to the positive input of the
PGIA, and the ground is tied to the negative input of the PGIA.

When every channel is configured for single-ended input, up to 16
analog input channels are available (up to 64 channels on the
AT-MIO-64E-3).

Y ou can use single-ended input connections for any input signal that
meets the following conditions:

e Theinput signa is high level (greater than 1 V).

e Theleads connecting the signal to the AT E Series board are less
than 10 ft (3 m).

e Theinput signal can share acommon reference point with other
signals.

DIFF input connections are recommended for greater signal integrity
for any input signal that does not meet the preceding conditions.

Y ou can software configure the AT E Series board channels for two
different types of single-ended connections—RSE configuration and
NRSE configuration. The RSE configuration is used for floating signal
sources; in this case, the AT E Series board provides the reference
ground point for the external signal. The NRSE input configuration is
used for ground-referenced signal sources; in this case, the external
signal suppliesits own reference ground point and the AT E Series
board should not supply one.

In single-ended configurations, more electrostatic and magnetic noise
couplesinto the signal connections than in differential configurations.

The coupling is the result of differencesin the signal path. Magnetic

coupling is proportional to the area between the two signal conductors.
Electrical coupling is afunction of how much the electric field differs
between the two conductors.
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Single-Ended Connections for Floating Signal
Sources (RSE Configuration)

Figure 4-8 shows how to connect a floating signal source to an
AT E Series board channel configured for RSE mode.

Floating
Signal
Source

il

)

ACH<0..15>
o o Oo—
o o—e
+ o . s o—9 Instrumentation
. n Amplifier
o ¢ o—
PGIA
Input Multiplexers + M d
o1——e AISENSE - Vi easure
\oltage
o

/r T AIGND v

1/0 Connector

Selected Channel in RSE Configuration

Figure 4-8. Single-Ended Input Connections for Nonreferenced or Floating Signals

Single-Ended Connections for Grounded Signal
Sources (NRSE Configuration)

To measure agrounded signal sourcewith asingle-ended configuration,
you must configure your AT E Series board in the NRSE input
configuration. The signal isthen connected to the positive input of the
AT E Series PGIA, and the signal local ground reference is connected
to the negative input of the PGIA. The ground point of the signal
should, therefore, be connected to the AISENSE pin. Any potential
difference between the AT E Series ground and the signal ground
appears as a common-mode signal at both the positive and negative
inputs of the PGIA, and this difference is rejected by the amplifier. If
the input circuitry of an AT E Series board were referenced to ground,
in this situation as in the RSE input configuration, this difference in
ground potentials would appear as an error in the measured voltage.
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Figure 4-9 shows how to connect a grounded signal source to an
AT E Series board channel configured for NRSE mode.

ACH<0..15>
00—
o 6 o—s
Ground- + © . S o—s Instrumentation
Referenced . Amplifier
Signal .
Source o ¢ o—
Input Multiplexers +
o 3 A Measured
Common- N AIGND AISENSE Voltage
Mode o c
Noise
and Ground -
Potential ,
Selected Channel in NRSE Configuration
I/0 Connector

Figure 4-9. Single-Ended Input Connections for Ground-Referenced Signal

Common-Mode Signal Rejection Considerations

Figures 4-6 and 4-9 show connections for signal sources that are
already referenced to some ground point with respect to the

AT E Series board. In these cases, the PGIA can reject any voltage
caused by ground potential differences between the signal source and
the board. In addition, with differential input connections, the PGIA
can reject common-mode noise pickup in the leads connecting the
signal sourcesto the board. The PGIA can reject common-mode signals
aslong as V1, and V-, are both within £11 V of AIGND. The
AT-MIO-16XE-50 hasthe additional restrictionthat (V*;,+ V-;,) added
tothegaintimes (V*;, - V-j,) must bewithin+26 V of AIGND. Atgains
of 10 and 100, this is roughly equivalent to restricting the two input
voltages to within +8 V of AIGND.
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Analog Output Signal Connections

The analog output signals are DACOOUT, DAC10UT, EXTREF, and
AOGND. DACOOUT and DAC10UT are not available on the
AT-Al-16XE-10. EXTREF is not available on the AT-MIO-16XE-10,
AT-Al-16XE-10, or AT-MIO-16XE-50.

DACOOUT isthe voltage output signal for analog output channel 0.
DACILOUT isthe voltage output signal for analog output channel 1.

EXTREF isthe external reference input for both analog output
channels. Y ou must configure each anal og output channel individually
for external reference selection in order for the signal applied at the
external reference input to be used by that channel. If you do not
specify an external reference, the channel will use the internal
reference. You cannot use an external analog output reference with the
AT-MIO-16XE-10, AT-Al-16XE-10, or AT-MIO-16XE-50. Analog
output configuration options are explained in the Anal og Output section
in Chapter 3, Hardware Overview. The following ranges and ratings
apply to the EXTREF input:

e Usableinput voltage range: +11 V peak with respect to AOGND
e Absolute maximum ratings: £15 V peak with respect to AOGND

AOGND isthe ground reference signal for both analog output channels
and the external reference signal.

O National Instruments Corporation 4-27 AT-MIO/Al E Series User Manual



Chapter 4  Signal Connections

Figure 4-10 shows how to make analog output connections and the
external reference input connection to your AT E Series board.

L

EXTREF
DACOOUT
External * " Channel 0
Reference [ v
Signal ref
(Optional) - VOUT 0
Load
AO GND
I i
VOUT 1
DAC10UT
Load +
o Channel 1

Analog Output Channels

AT E Series Board

Figure 4-10. Analog Output Connections

The external reference signal can be either aDC or an AC signal. The
board multiplies thisreference signal by the DAC code (divided by the

full-scale DAC code) to generate the output voltage.

Digital 1/0 Signal Connections

The digital 1/0 signals are DIO<0..7> and DGND. DIO<0..7> are the

signals making up the DIO port, and DGND is the ground reference
signal for the DIO port. You can program all linesindividually to be

inputs or outputs. The AT-MIO-16DE-10 has 24 additional DIO lines,
configured asthree 8-bit ports: PA<0..7>, PB<0..7>, and PC<0..7>.

You can configure each port for both input and output in various
combinations, with some handshaking capabilities.
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Warning: Exceeding the maximum input voltage ratings, which are listed in
g Tables 4-1 through 4-4, can damage the AT E Series board and the PC.
National Instrumentsis NOT liable for any damages resulting from such
signal connections.

Figure 4-11 shows signal connections for three typical digital 1/0
applications.

+5V

LED //\/v\/v

W )
al
o<
DIO<4..7>
o1
o
L L ‘T
Ll
TTL Signal o >
DIO<0..3>
o
+5V —/|/ ! >

Switchx

/_’ DGND
I/O Connector T

Figure 4-11. Digital /0 Connections

AT E Series Board

Figure 4-11 shows DI0<0..3> configured for digital input and
DI0O<4..7> configured for digital output. Digital input applications
include receiving TTL signals and sensing external device states such
as the state of the switch shown in the figure. Digital output
applications include sending TTL signals and driving external devices
such as the LED shown in the figure.
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Power Connections

Two pins on the 1/0 connector supply +5 V from the PC power supply
viaaself-resetting fuse. The fuse will reset automatically within afew
seconds after the overcurrent condition is removed. These pins are

referenced to DGND and can be used to power external digital circuitry.

e Powerrating +4.65VDCto+5.25VDC at 1 A combined total
for both pins

Warning: Under no circumstances should you connect these +5 V power pinsdirectly
? to analog or digital ground or to any other voltage source on the
AT E Series board or any other device. Doing so can damage the
AT E Series board and the PC. National InstrumentsisNOT liable for
damages resulting from such a connection.

Timing Connections

Warning: Exceeding the maximum input voltage ratings, which are listed in
? Tables 4-1 through 4-4, can damage the AT E Series board and the PC.
National I nstrumentsis NOT liable for any damages resulting from such
signal connections.

AT-MIO/Al E Series User Manual

All external control over thetiming of your AT E Seriesboard isrouted
through the 10 programmabl e function inputs labeled PFIO0 through
PFI9. These signals are explained in detail in the next section,
Programmable Function Input Connections. These PFIs are
bidirectional; as outputsthey are not programmable and reflect the state
of many data acquisition, waveform generation, and general-purpose
timing signals. There arefive other dedicated outputsfor the remainder
of thetiming signals. Asinputs, the PFI signals are programmable and
can control any data acquisition, waveform generation, and
general-purpose timing signals.

The data acquisition signals are explained in the Data Acquisition
Timing Connections section later in this chapter. The waveform
generation signals are explained in the Waveform Generation Timing
Connections section later in this chapter. The general-purpose timing
signals are explained in the General -Purpose Timing Sgnal Connections
section later in this chapter.

All digital timing connections are referenced to DGND. Thisreference
is demonstrated in Figure 4-12, which shows how to connect an
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external TRIG1 source and an external CONVERT* source to two of

the AT E Series board PFI pins.

PFIO/TRIG1

PFI2/CONVERT*

TRIG1 CONVERT*
Source Source

—— DGND

L

1/0 Connector

AT E Series Board

Figure 4-12. Timing I/0 Connections

Programmable Function Input Connections

There are atotal of 13 internal timing signals that you can externally
control from the PFI pins. The source for each of these signalsis
software selectable from any of the PFIs when you want external
control. This flexible routing scheme reduces the need to change the
physical wiring to the board 1/O connector for different applications
requiring alternative wiring.

Y ou can individually enable each of the PFI pins to output a specific
internal timing signal. For example, if you need the CONVERT* signal
as an output on the 1/O connector, software can turn on the output driver
for the PFI2/ICONVERT* pin. You must be careful not to drive a PFI
signal externally when it is configured as an output.

Asan input, you can individually configure each PFI for edge or level
detection and for polarity selection, aswell. You can use the polarity
selection for any of the 13 timing signal's, but the edge or level detection
will depend upon the particular timing signal being controlled. The
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detection requirements for each timing signal are listed within the
section that discusses that individual signal.

In edge-detection mode, the minimum pulse width required is 10 ns.
This applies for both rising-edge and falling-edge polarity settings.
There is no maximum pulse-width requirement in edge-detect mode.

In level-detection mode, there are no minimum or maximum
pulse-width requirements imposed by the PFIs themselves, but there
may be limitsimposed by the particular timing signal being controlled.
These requirements are listed later in this chapter.

Data Acquisition Timing Connections

The data acquisition timing signals are SCANCLK, EXTSTROBE*,
TRIG1, TRIG2, STARTSCAN, CONVERT*, AIGATE, and
SISOURCE.

Posttriggered data acquisition allows you to view only data that is
acquired after atrigger event isreceived. A typical posttriggered data
acquisition sequence is shown in Figure 4-13. Pretriggered data
acquisition allows you to view datathat isacquired before the trigger of
interest in addition to data acquired after the trigger. Figure 4-14
shows atypical pretriggered dataacquisition sequence. The description
for each signal shown in these figures isincluded later in this chapter.

TRIG1 |_|

L

STARTSCAN |—| , i
CONVERT* UU |
Scan Counter i 4 E 3 i 2 El EO E

Figure 4-13. Typical Posttriggered Acquisition
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TRIG1

TRIG2

STARTSCAN

CONVERT*

Scan Counter

Don't Care

_

I N O Y T

N
[

1 1 1 1 1 1
! ! ! ! ! !
1012 22 i1 0
! ! ! ! ! !
1 1 1 1 1 1

Figure 4-14. Typical Pretriggered Acquisition

SCANCLK Signal

SCANCLK is an output-only signal that generates a pulse with the
leading edge occurring approximately 50 to 100 ns after an A/D
conversion begins. The polarity of thisoutput is software sel ectabl e but
istypically configured so that a low-to-high leading edge can clock
external analog input multiplexersindicating when the input signal has
been sampled and can be removed. Thissignhal hasa400 to 500 ns pulse
width and is software enabled. Figure 4-15 shows the timing for the
SCANCLK signal.

CONVERT* —\—,

SCANCLK e — g I

w

ty =50t0 100 ns
ty =400 to 500 ns

Figure 4-15. SCANCLK Signal Timing

EXTSTROBE* Signal

EXTSTROBE* is an output-only signal that generates either asingle
pulse or a sequence of eight pulsesin the hardware-strobe mode. An
external device can use thissignal to latch signals or to trigger events.
In the single-pulse mode, software controls the level of the
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EXTSTROBE* signal. A 10 psand a 1.2 ps clock are available for
generating a sequence of eight pulses in the hardware-strobe mode.
Figure 4-16 shows the timing for the hardware-strobe mode
EXTSTROBE* signal.

VOH
VoL

t, =600nsor5pus

Figure 4-16. EXTSTROBE™* Signal Timing

TRIG1 Signal

Any PFI pin can externally input the TRIG1 signal, which is available
as an output on the PFIO/TRIGL1 pin.

Refer to Figures 4-13 and 4-14 for the relationship of TRIG1 to the data
acquisition sequence.

Asaninput, the TRIG1 signal isconfigured in the edge-detection mode.
Y ou can select any PFI pin as the source for TRIG1 and configure the
polarity selection for either rising or falling edge. The selected edge of
the TRIGL1 signal starts the data acquisition sequence for both
posttriggered and pretriggered acquisitions. The AT-MIO-16E-1,
AT-MIO-16E-2, AT-MIO-16XE-10, AT-Al-16XE-10, and
AT-MIO-64E-3 support analog triggering on the PFIO/TRIG1 pin. See
Chapter 3 for more information on analog triggering.

As an output, the TRIG1 signal reflects the action that initiates a data
acquisition sequence. Thisistrue even if the acquisition is being
externally triggered by another PFI. The output is an active high pulse
with a pulse width of 50 to 100 ns. This output is set to tri-state at
startup.

Figures 4-17 and 4-18 show the input and output timing requirements
for the TRIG1 signal.
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A
\ 4

Rising-edge
polarity ' '

Falling-edge
polarity

tw =10 ns minimum

Figure 4-17. TRIG1 Input Signal Timing

5

' ty =50-100 ns i

Figure 4-18. TRIG1 Output Signal Timing

The board also uses the TRIGL1 signal to initiate pretriggered data
acquisition operations. In most pretriggered applications, the TRIG1
signal is generated by a software trigger. Refer to the TRIG2 signal
description for a complete description of the use of TRIG1 and TRIG2
in apretriggered data acquisition operation.
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TRIG2 Signal

Any PFI pin can externally input the TRIG2 signal, which is available
as an output on the PFIL/TRIG2 pin.

Refer to Figure 4-13 for the relationship of TRIG2 to the data
acquisition sequence.

Asaninput, the TRIG2 signal is configured in the edge-detection mode.
Y ou can select any PFI pin as the source for TRIG2 and configure the
polarity selection for either rising or falling edge. The selected edge of
the TRIG2 signal initiates the posttriggered phase of a pretriggered
acquisition sequence. In pretriggered mode, the TRIGL1 signal initiates
the data acquisition. The scan counter indicates the minimum number
of scans before TRIG2 can be recognized. After the scan counter
decrementsto zero, it is loaded with the number of posttrigger scansto
acquire while the acquisition continues. The board ignores the TRIG2
signal if it is asserted prior to the scan counter decrementing to zero.
After the selected edge of TRIG2 is received, the board will acquire a
fixed number of scansand the acquisition will stop. Thismode acquires
data both before and after receiving TRIG2.

Asan output, the TRIG2 signal reflects the posttrigger in apretriggered
acquisition sequence. Thisistrue even if the acquisition is being
externally triggered by another PFI. The TRIG2 signal isnot used in
posttriggered data acquisition. The output is an active high pulse with
a pulse width of 50 to 100 ns. This output is set to tri-state at startup.

Figures 4-19 and 4-20 show the input and output timing requirements
for the TRIG2 signal.

A
\ 4

Rising-edge
polarity ' '

Falling-edge
polarity

tw =10 ns minimum

Figure 4-19. TRIG2 Input Signal Timing
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S A

! ty =50-100 ns i

Figure 4-20. TRIG2 Output Signal Timing

STARTSCAN Signal

Any PFI pin can externally input the STARTSCAN signal, which is
available as an output on the PFI7/STARTSCAN pin.

Refer to Figures 4-13 and 4-14 for the relationship of STARTSCAN to
the data acquisition sequence.

Asan input, the STARTSCAN signal is configured in the
edge-detection mode. Y ou can select any PFI pin as the source for
STARTSCAN and configure the polarity selection for either rising or
falling edge. The selected edge of the STARTSCAN signal initiates a
scan. The sampleinterval counter is started if you select internally
triggered CONVERT*.

Asanoutput, the STARTSCAN signal reflectsthe actual start pulse that
initiates a scan. Thisistrue even if the starts are being externally
triggered by another PFIl. Y ou have two output options. Thefirstisan
active high pulse with a pulse width of 50 to 100 ns, which indicatesthe
start of the scan. The second action is an active high pulse that
terminates at the start of the last conversion in the scan, which indicates
ascan in progress. STARTSCAN will be deasserted ty after the last
conversion in the scan isinitiated. This output is set to tri-state at
startup.
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Figures 4-21 and 4-22 show the input and output timing requirements
for the STARTSCAN signal

Z tw Z
Rising-edge
polarity ' i
Falling-edge
polarity
tw =10 ns minimum

Figure 4-21. STARTSCAN Input Signal Timing

i tw :
STARTSCAN - | I

; t, = 50-100 ns 5

a. Start of Scan

Start Pulse 4,—| : E
CONVERT* ; |_|—|—_|7
STARTSCAN ____|

toff = 10 Ns minimum

b. Scan in Progress, Two Conversions per Scan

Figure 4-22. STARTSCAN Output Signal Timing
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The CONVERT* pulses are masked off until the board generates the
STARTSCAN signal. If you are using internally generated
conversions, the first CONVERT* will appear when the onboard
sample interval counter reaches zero. If you select an external
CONVERT?*, the first external pulse after STARTSCAN will generate
aconversion. The STARTSCAN pulses should be separated by at |east
one scan period.

A counter on your AT E Series board internally generates the
STARTSCAN signal unless you select some external source. This
counter is started by the TRIG1 signal and is stopped either by software
or by the sample counter.

Scans generated by either an internal or external STARTSCAN signal
are inhibited unless they occur within a data acquisition sequence.
Scans occurring within a data acquisition sequence may be gated by
either the hardware (AIGATE) signal or software command register
gate.

CONVERT* Signal

Any PFI pin can externally input the CONVERT* signal, which is
available as an output on the PFI2/CONVERT* pin.

Refer to Figures 4-13 and 4-14 for the relationship of CONVERT* to
the data acquisition sequence.

Asaninput, the CONVERT* signal is configured in the edge-detection
mode. You can select any PFI pin as the source for CONVERT* and
configure the polarity selection for either rising or falling edge. The
selected edge of the CONVERT* signal initiates an A/D conversion.

As an output, the CONVERT* signal reflects the actual convert pulse
that is connected to the ADC. Thisistrue even if the conversions are
being externally generated by another PFI. The output is an active low
pulse with a pulse width of 50 to 100 ns. This output is set to tri-state
at startup.
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Figures 4-23 and 4-24 show the input and output timing requirements
for the CONVERT* signal.

Rising-edge
polarity ' '

Falling-edge
polarity

A
\ 4

tw =10 ns minimum
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Figure 4-23. CONVERT* Input Signal Timing

S A

! ty =50-100 ns i

Figure 4-24. CONVERT* Output Signal Timing

The ADC switchesto hold mode within 60 ns of the selected edge. This
hold-mode delay time is a function of temperature and does not vary
from one conversion to the next. Separatethe CONVERT* pulses by at
least one conversion period.

The sample interval counter on the AT E Series board normally
generates the CONVERT* signal unless you select some external
source. The counter is started by the STARTSCAN signal and
continues to count down and reload itself until the scan is finished. It
then reloads itself in readiness for the next STARTSCAN pulse.

A/D conversions generated by either an internal or external
CONVERT* signal are inhibited unless they occur within a data
acquisition sequence. Scans occurring within a data acquisition
sequence may be gated by either the hardware (AIGATE) signal or
software command register gate.
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AIGATE Signal

Any PFI pin can externally input the AIGATE signal, which is not
available as an output on the I/O connector. The AIGATE signal can
mask off scans in a data acquisition sequence. Y ou can configure the
PFI pin you select as the source for the AIGATE signal in either the
level -detection or edge-detection mode. Y ou can configurethe polarity
selection for the PFI pin for either active high or active low.

In the level-detection mode if AIGATE is active, the STARTSCAN
signal is masked off and no scans can occur. In the edge-detection
mode, the first active edge disables the STARTSCAN signal, and the
second active edge enables STARTSCAN.

The AIGATE signal can neither stop a scan in progress nor continue a
previously gated-off scan; in other words, once a scan has started,
AIGATE does not gate off conversions until the beginning of the next
scan and, conversely, if conversions are being gated off, AIGATE does
not gate them back on until the beginning of the next scan.

SISOURCE Signal

Any PFI pin can externally input the SISOURCE signal, which is not
available as an output on the 1/O connector. The onboard scan interval
counter uses the SISOURCE signal as a clock to time the generation of
the STARTSCAN signal. You must configure the PFI pin you select as
the source for the SISOURCE signal in the level-detection mode. You
can configure the polarity selection for the PFI pin for either active high
or active low.

The maximum allowed frequency is 20 MHz, with a minimum pulse
width of 23 nshigh or low. Thereisno minimum frequency limitation.
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Either the 20 MHz or 100 kHz internal timebase generates the
SISOURCE signal unlessyou select some external source. Figure 4-25
shows the timing requirements for the SISOURCE signal.

tp =50 ns minimum

ty =23 ns minimum

Figure 4-25. SISOURCE Signal Timing

Waveform Generation Timing Connections

AT-MIO/Al E Series User Manual

The analog group defined for your AT E Series board is controlled by
WFTRIG, UPDATE*, and UISOURCE.

WFTRIG Signal

Any PFI pin can externally input the WFTRIG signal, which is
available as an output on the PFI6G/WFTRIG pin.

Asan input, the WFTRIG signal is configured in the edge-detection
mode. You can select any PFI pin as the source for WFTRIG and
configure the polarity selection for either rising or falling edge. The
selected edge of the WFTRIG signal startsthe waveform generation for
the DACs. The update interval (Ul) counter is started if you select
internally generated UPDATE*.

As an output, the WFTRIG signal reflects the trigger that initiates
waveform generation. Thisistrue even if the waveform generation is
being externally triggered by another PFI. The output is an active high
pulse with a pulse width of 50 to 100 ns. This output is set to tri-state
at startup.
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Figures 4-26 and 4-27 show the input and output timing requirements
for the WFTRIG signal.

A
\ 4

Rising-edge
polarity ' '

Falling-edge
polarity

tw =10 ns minimum

Figure 4-26. WFTRIG Input Signal Timing

5

' ty =50-100 ns i

Figure 4-27. WFTRIG Output Signal Timing

UPDATE* Signal

Any PFI pin can externally input the UPDATE* signal, which is
available as an output on the PFI5S/UPDATE* pin.

Asan input, the UPDATE* signal is configured in the edge-detection
mode. You can select any PFI pin as the source for UPDATE* and
configure the polarity selection for either rising or falling edge. The
selected edge of the UPDATE?* signal updatesthe outputs of the DACs.
In order to use UPDATE*, you must set the DACs to posted-update
mode.

Asan output, the UPDATE* signal reflectsthe actual update pulse that
is connected to the DACs. Thisistrue even if the updates are being
externally generated by another PFI. The output is an active low pulse
with a pulse width of 300 to 350 ns. This output is set to tri-state at
startup.
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Figures 4-28 and 4-29 show the input and output timing requirements
for the UPDATE* signal.
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Falling-edge
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tw =10 ns minimum
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Figure 4-28. UPDATE* Input Signal Timing

ty =300-350 ns

Figure 4-29. UPDATE* Output Signal Timing

The DACs are updated within 100 ns of the leading edge. Separate the
UPDATE* pulses with enough time that new data can be written to the
DAC latches.

The AT E Series board Ul counter normally generates the UPDATE*
signal unlessyou select some external source. The Ul counter is started
by the WFTRIG signal and can be stopped by software or the internal
Buffer Counter.

D/A conversions generated by either an internal or external UPDATE*
signal do not occur when gated by the software command register gate.
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UISOURCE Signal

Any PFI pin can externally input the UISOURCE signal, which is not
available as an output on the I/O connector. The Ul counter uses the
UISOURCE signal as a clock to time the generation of the UPDATE*
signal. You must configure the PFI pin you select as the source for the
UISOURCE signal in the level-detection mode. Y ou can configure the
polarity selection for the PFI pin for either active high or active low.
Figure 4-30 shows the timing requirements for the UISOURCE signal.

tp =50 ns minimum

ty =23 ns minimum

Figure 4-30. UISOURGE Signal Timing

The maximum allowed frequency is 20 MHz, with a minimum pulse
width of 23 nshigh or low. Thereisno minimum frequency limitation.

Either the 20 MHz or 100 kHz internal timebase normally generates the
UISOURCE signal unless you select some external source.

O National Instruments Corporation 4-45 AT-MIO/Al E Series User Manual



Chapter 4  Signal Connections

General-Purpose Timing Signal Connections

AT-MIO/Al E Series User Manual

The general-purpose timing signals are GPCTRO_SOURCE,
GPCTRO_GATE, GPCTR0O_OUT, GPCTRO_UP_DOWN,
GPCTR1_SOURCE, GPCTR1_GATE, GPCTR1_OUT,
GPCTR1_UP_DOWN, and FREQ OUT.

GPCTRO_SOURCE Signal
Any PFI pin can externally input the GPCTRO_SOURCE signal, which
is available as an output on the PFI8/GPCTRO_SOURCE pin.

Asan input, the GPCTRO_SOURCE signal is configured in the
edge-detection mode. Y ou can select any PFI pin as the source for
GPCTRO_SOURCE and configure the polarity selection for either
rising or falling edge.

As an output, the GPCTR0O_SOURCE signal reflects the actual clock
connected to general-purpose counter 0. Thisistrueevenif another PFI
is externally inputting the source clock. Thisoutput is set to tri-state at
startup.

Figure 4-31 shows the timing requirements for the GPCTR0_SOURCE
signal.

tp =50 ns minimum

ty =23 ns minimum

Figure 4-31. GPCTRO_SOURGE Signal Timing

The maximum allowed frequency is 20 MHz, with a minimum pulse
width of 23 ns high or low. There is no minimum frequency limitation.

The 20 MHz or 100 kHz timebase normally generates the
GPCTRO_SOURCE signal unless you select some external source.
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GPCTRO_GATE Signal
Any PFI pin can externally input the GPCTRO_GATE signal, which is
available as an output on the PFI9/GPCTRO_GATE pin.

Asaninput, the GPCTRO_GATE signal is configured in the
edge-detection mode. Y ou can select any PFI pin as the source for
GPCTRO_GATE and configurethe polarity selection for either rising or
falling edge. You can use the gate signal in avariety of different
applications to perform actions such as starting and stopping the
counter, generating interrupts, saving the counter contents, and so on.

Asan output, the GPCTRO_GATE signal reflectsthe actual gate signal
connected to general-purpose counter 0. Thisistrue even if the gateis
being externally generated by another PFI. Thisoutput isset to tri-state
at startup.

Figure 4-32 shows the timing requirements for the GPCTRO_GATE
signal.

A
\ 4

Rising-edge
polarity ' '

Falling-edge
polarity

tw =10 ns minimum

Figure 4-32. GPCTRO_GATE Signal Timing in Edge-Detection Mode

GPCTRO_OUT Signal

This signal is available only as an output on the GPCTRO_OUT pin.
The GPCTRO_OUT signal reflects the terminal count (TC) of
general-purpose counter 0. Y ou have two software-selectable output
options— pulse on TC and toggle output polarity on TC. The output
polarity is software selectable for both options. This output is set to
tri-state at startup. Figure 4-33 showsthe timing of the GPCTRO_OUT
signal.
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GPCTRO_SOURCE [ L] I

GPCTRO_OUT

(Pulse on TC)

GPCTRO_OUT
(Toggle output on TC)

TC
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Figure 4-33. GPCTRO_OUT Signal Timing

GPCTRO_UP_DOWN Signal

Thissignal can be externally input on the DIO6 pin and is not available
as an output on the 1/O connector. The general-purpose counter O will
count down when this pinis at alogic low and count up whenitisat a
logic high. You can disable thisinput so that software can control the
up-down functionality and leave the DIOG6 pin free for general use.

GPCTR1_SOURCE Signal
Any PFI pin can externally input the GPCTR1_SOURCE signal, which
is available as an output on the PFI3/GPCTR1_SOURCE pin.

Asan input, the GPCTR1_SOURCE signal is configured in the
edge-detection mode. Y ou can select any PFI pin as the source for
GPCTR1_SOURCE and configure the polarity selection for either
rising or falling edge.

As an output, the GPCTR1_SOURCE monitors the actual clock
connected to general-purpose counter 1. Thisistrue even if the source
clock is being externally generated by another PFI. This output is set
to tri-state at startup.
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Figure 4-34 shows the timing requirements for the GPCTR1_SOURCE
signal.

tp =50 ns minimum

ty =23 ns minimum

Figure 4-34. GPCTR1_SOURGE Signal Timing

The maximum allowed frequency is 20 MHz, with a minimum pulse
width of 23 nshigh or low. Thereisno minimum frequency limitation.

The 20 MHz or 100 kHz timebase normally generates the
GPCTR1_SOURCE unless you select some external source.

GPCTR1_GATE Signal

Any PFI pin can externally input the GPCTR1 _GATE signal, whichis
available as an output on the PFI4/GPCTR1_GATE pin.

Asaninput, the GPCTR1 _GATE signal isconfigured in edge-detection
mode. You can select any PFI pin as the source for GPCTR1_GATE
and configure the polarity selection for either rising or falling edge.

Y ou can use the gate signal in avariety of different applications to
perform such actions as starting and stopping the counter, generating
interrupts, saving the counter contents, and so on.

As an output, the GPCTR1_GATE signal monitors the actual gate
signal connected to general-purpose counter 1. Thisistrue even if the
gate is being externally generated by another PFI. This output is set to
tri-state at startup.
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Figure 4-35 shows the timing requirements for the GPCTR1_GATE

signal.
Z tw Z
Rising-edge
polarity ' '
Falling-edge
polarity
tw =10 ns minimum

Figure 4-35. GPCTR1_GATE Signal Timing in Edge-Detection Mode

GPCTR1_OUT Signal

Thissignal is available only as an output on the GPCTR1_OUT pin.
The GPCTR1_OUT signal monitors the TC board general -purpose
counter 1. Y ou have two software-sel ectabl e output options—pulse on
TC and toggle output polarity on TC. The output polarity is software
selectable for both options. This output is set to tri-state at startup.
Figure 4-36 shows the timing requirements for the GPCTR1_OUT

signal.
TC
GPCTR1_SOURCE LI 1 L I 1
GPCTR1_OUT
(Pulse on TC)
GPCTR1_OUT
(Toggle output on TC)

Figure 4-36. GPCTR1_OUT Signal Timing
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GPCTR1_UP_DOWN Signal

Thissignal can be externally input on the DIO7 pin and is not available
as an output on the I/O connector. General-purpose counter 1 counts
down when thispinisat alogic low and counts up at alogic high. This
input can be disabled so that software can control the up-down
functionality and leave the DIO7 pin free for general use. Figure 4-37
shows the timing requirements for the GATE and SOURCE input
signals and the timing specificationsfor the OUT output signals of your
AT E Series board.
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Source Clock Period te 50 ns minimum
Source Pulse Width tsp 23 ns minimum
Gate Setup Time tgsu 10 ns minimum
Gate Hold Time tgh 0 ns minimum
Gate Pulse Width tow 10 ns minimum
Output Delay Time tout 80 ns maximum

Figure 4-37. GPCTR Timing Summary
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The GATE and OUT signal transitions shown in Figure 4-37 are
referenced to the rising edge of the SOURCE signal. Thistiming
diagram assumes that the counters are programmed to count rising
edges. The same timing diagram, but with the source signal inverted
and referenced to the falling edge of the source signal, would apply
when the counter is programmed to count falling edges.

The GATE input timing parameters are referenced to the signal at the
SOURCE input or to one of the internally generated signals on your
AT E Series board. Figure 4-37 showsthe GATE signal referenced to
the rising edge of a source signal. The gate must be valid (either high
or low) for at least 10 ns before the rising or falling edge of a source
signal for the gate to take effect at that source edge, as shown by tyg,
and ty, in Figure 4-37. The gate signal is not required to be held after
the active edge of the source signal.

If an internal timebase clock is used, the gate signal cannot be
synchronized with the clock. In this case, gates applied close to a
source edge take effect either on that source edge or on the next one.
This arrangement results in an uncertainty of one source clock period
with respect to unsynchronized gating sources.

The OUT output timing parameters are referenced to the signal at the
SOURCE input or to one of theinternally generated clock signalson the
AT E Series boards. Figure 4-37 showsthe OUT signal referenced to
therising edge of asource signal. Any OUT signal state changes occur
within 80 ns after the rising or falling edge of the source signal.

FREQ_OUT Signal

Thissignal is available only as an output on the FREQ_OUT pin. The
FREQ OUT signal isthe output of the AT E Series board frequency
generator. Thefrequency generator isa4-bit counter that can divideits
input clock by the numbers 1 through 16. The input clock of the
frequency generator is software selectable from the internal

10 MHz and 100 kHz timebases. The output polarity is software
selectable. This output is set to tri-state at startup.
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Timing Specifications for Digital 1/0 Ports A, B, and C

¢ AT-MIO-16DE-10 only
In addition to its function as a digital 1/0 port, digital port C,
PC<0..7>, can also be used for handshaking when performing data
transferswith ports A and B. The signalsassigned to port C depend
on the mode in which it is programmed. In mode O, port C is
considered two 4-bit 1/0 ports. In modes 1 and 2, port C isused for
status and handshaking signals with two or three additional 1/0
bits. Table 4-5 summarizes the signal assignments of port C for
each programmable mode.
Table 4-5. Port C Signal Assignments
Programming Group A Group B
Mode
PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
Mode 0 1/0 1/0 1/0 1/0 1/0 1/0 1/0 1/0
Mode 1 Input 1/0 1/0 IBFp STBa* | INTRp | STBg* | IBFBg | INTRp
Mode 1 Output OBFp* | ACKa* | IO 1/0 INTRp | ACKp* | OBFg* | INTRp
Mode 2 OBFp* | ACKa* | IBFp STBa* | INTRp | 1O 1/0 1/0
* |ndicates that the signal is active low.
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This section lists the timing specifications for handshaking with the
AT-MIO-16DE-10 port C circuitry. The handshaking lines STB* and
IBF synchronize input transfers. The handshaking lines OBF* and
ACK* synchronize output transfers.

The following signals are used in the timing diagrams that follow.

Name Type Description

STB* input Strobe Input—A low signal on thishandshaking lineloadsdatainto theinput
latch.

IBF output Input Buffer Full—A high signal on thishandshaking lineindicatesthat data
has been loaded into the input latch. Thisisan input acknowledge signal.

ACK* input Acknowledge I nput—A low signal on this handshaking line indicates that
the data written from the selected port has been accepted. Thissignal isa
response from the external device that it has received the data from the
AT-MIO-16DE-10.

OBF* output Output Buffer Full—A low signal on this handshaking line indicates that
data has been written from the selected port.

INTR output Interrupt Request—This signal becomes high to request service during a
datatransfer. The appropriate interrupt enable bits must be set to generate
thissignal and to allow it to interrupt your computer.

RD* internal Read Signal—This signal isthe read signal generated by the host computer.

WR* internal Write Signal—Thissignal isthewrite signal generated by the host computer.

DATA input or output Data Lines at the Selected Port (PA or PB)—This signal indicates when the
data on the data lines at a selected port is or should be available.

AT-MIO/Al E Series User Manual
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Mode 1 Input Timing

The following are the timing specifications for an input transfer in

Mode 1:
: T1 :
>
T2 'T4 |
- -

STB * 1
IBF ;

b

INTR :

; T3 L oT5

e D
DATA

Figure 4-38. Mode 1 Input Timing

Name Description Minimum Maximum
T1 STB* Pulse Width 100 -
T2 STB* =0toIBF=1 - 150
T3 Databefore STB* = 1 20 -
T4 STB* =1t0INTR=1 - 150
T5 Data after STB* =1 50 -
T6 RD* =0toINTR=0 - 200
T7 RD* =1toIBF=0 - 150

All timing values are in nanoseconds.
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Mode 1 Output Timing

The following are the timing specifications for an output transfer in

Mode 1:
L T3
-~
WR* —|7 ;
: P L T4 :
: ; ' -~
OBF* ' : | ' l—
! T1 - N
- .: ' E Eq—p:
INTR ! | ' CT6
ACK* ' T5
DATA ; ><
-~
VT2
Figure 4-39. Mode 1 Output Timing
Name Description Minimum M aximum
T1 WR* =0toINTR=0 - 250
T2 WR* =1 to Output - 200
T3 WR* =1to OBF* =0 - 150
T4 ACK* =0to OBF* =1 - 150
T5 ACK* Pulse Width 100 -
T6 ACK* =1t0INTR=1 - 150

All timing values are in nanoseconds.
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Mode 2 Bidirectional Timing
Thefollowing are the timing specificationsfor bidirectional transfersin

Mode 2:
:Tl:
:4—»:
WR * ———1 — )
| : T6 ,
. P
OBF * | ;
INTR E :
| T
P
ACK *
T3
—p ' '
STB * : ;
- : : ' o 110
T 5 5 :
IBF ! ' ' o
RD * | | ; i
' T2 TS, ¢ T8 o T9
:4—»:4—»: :4—»: :<—>:
R S

Figure 4-40. Mode 2 Bidirectional Timing

Name Description Minimum Maximum
T1 WR* =1to OBF* =0 - 150
T2 Databefore STB* = 1 20 -
T3 STB* Pulse Width 100 -
T4 STB* =0toIBF=1 - 150
T5 Dataafter STB* =1 50 -
T6 ACK* =0toOBF =1 - 150
T7 ACK* Pulse Width 100 -
T8 ACK* =0 to Output - 150
T9 ACK* =1to Output Float 20 250
T10 RD* =1toIBF=0 - 150

All timing values are in nanoseconds.

O National Instruments Corporation

4-57

AT-MIO/Al E Series User Manual




Chapter 4  Signal Connections

Field Wiring Considerations

AT-MIO/Al E Series User Manual

Environmental noise can seriously affect the accuracy of measurements
made with your AT E Series board if you do not take proper care when
running signal wires between signal sources and the board. The
following recommendations apply mainly to analog input signal routing
to the board, although they also apply to signal routing in general.

Y ou can minimize noise pickup and maximize measurement accuracy
by taking the following precautions:

e Usedifferential analog input connections to reject common-mode
noise.

e Useindividually shielded, twisted-pair wires to connect anal og
input signals to the board. With this type of wire, the signals
attached to the CH+ and CH- inputs are twisted together and then
covered with a shield. You then connect this shield only at one
point to the signal source ground. This kind of connection is
required for signals traveling through areas with large magnetic
fields or high electromagnetic interference.

¢ Routesignalstotheboard carefully. Keep cabling away from noise
sources. The most common noise source in a PC data acquisition
system is the video monitor. Separate the monitor from the analog
signals as much as possible.

The following recommendations apply for all signal connections to
your AT E Series board:

e Separate AT E Series board signal lines from high-current or
high-voltage lines. These lines are capable of inducing currentsin
or voltages on the AT E Series board signal lines if they runin
parallel paths at a close distance. To reduce the magnetic coupling
between lines, separate them by areasonable distance if they runin
parallel, or run the lines at right angles to each other.

e Do not run signal lines through conduits that also contain power
lines.

«  Protect signal linesfrom magnetic fields caused by electric motors,
welding equipment, breakers, or transformers by running them
through special metal conduits.

For more information, refer to the application note, Field Wiring and
Noise Consideration for Analog Sgnals, available from National
Instruments.
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Chapter

This chapter discusses the calibration procedures for your AT E Series
board. If you are using the NI-DAQ device driver, that software
includes calibration functions for performing all of the stepsin the
calibration process.

Calibration refersto the process of minimizing measurement and output
voltage errors by making small circuit adjustments. On the

AT E Series boards, these adjustments take the form of writing values
to onboard calibration DACs (CalDACs).

Someform of board calibrationisrequired for all but the most forgiving
applications. If no board calibration were performed, your signals and
measurements could have very large offset, gain, and linearity errors.

Threelevels of calibration are available to you, and these are described
in this chapter. Thefirst level isthe fastest, easiest, and least accurate,
whereas the last level is the slowest, most difficult, and most accurate.

Loading Calibration Constants

Your AT E Series board is factory calibrated before shipment at
approximately 25° C to the levelsindicated in Appendix A,
Secifications. The associated calibration constants—the values that
were written to the CalDACsto achieve calibration in the factory—are
stored in the onboard nonvolatile memory (EEPROM). Because the
CalDACs have no memory capability, they do not retain calibration
information when the board is unpowered. Loading calibration
constants refers to the process of loading the CalDA Cs with the values
stored in the EEPROM. NI-DAQ software determines when thisis
necessary and doesit automatically. If you are not using NI-DAQ, you
must |oad these values yourself.

In the EEPROM there is a user-modifiable calibration areain addition
to the permanent factory calibration area. This meansthat you can load
the CalDACswith values either from the original factory calibration or
from a calibration that you subsequently performed.
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Chapter 5  Calibration

This method of calibration is not very accurate because it does not take
into account the fact that the board measurement and output voltage

errors can vary with time and temperature. It is better to self-calibrate
when the board is installed in the environment in which it will be used.

Self-Calibration

Your AT E Series board can measure and correct for ailmost all of its
calibration-related errors without any external signal connections.

Y our National Instruments software provides a self-calibration method
you can use. This self-calibration process, which generally takes less
than a minute, is the preferred method of assuring accuracy in your
application. Y ou should initiate self-calibration to ensure that the
effects of any offset, gain, and linearity drifts, particularly those due to
warmup, are minimized.

Immediately after self-calibration, the only significant residual
calibration error could be gain error due to time or temperature drift of
the onboard voltage reference. This error is addressed by external
calibration, which is discussed in the following section. If you are
interested primarily in relative measurements, you can ignore a small
amount of gain error, and self-calibration should be sufficient.

External Calibration

AT-MIO/Al E Series User Manual

Your AT E Series board has an onboard calibration reference to ensure
the accuracy of self-calibration. Its specifications are listed in
Appendix A, Specifications. The reference voltage is measured at the
factory and stored in the EEPROM for subsequent self-calibrations.
Thisvoltageis stable enough for most applications, but if you are using
your board at an extreme temperature or if the onboard reference has not
been measured for ayear or more, you may wish to externally calibrate
your board.

An external calibration refersto calibrating your board with a known
external reference rather than relying on the onboard reference.
Redetermining the value of the onboard referenceis part of this process
and the results can be saved in the EEPROM, so you should not have to
perform an external calibration very often. Y ou can externally calibrate
your board by calling the NI-DAQ calibration function.
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Chapter 5  Calibration

To externally calibrate your board, be sure to use a very accurate
external reference. The reference should be several times more
accurate than the board itself. For example, to calibrate a 12-bit board,
the external reference should be at least +0.005% (+50 ppm) accurate.
To calibrate a 16-bit board, the external reference should be at |east
+0.001% (+£10 ppm) accurate.

Other Considerations

The CalDACs adjust the gain error of each analog output channel by
adjusting the value of the reference voltage supplied to that channel.
This calibration mechanism is designed to work only with the internal
10 V reference. Thus, in general, it is not possible to calibrate the
analog output gain error when using an external reference. Inthiscase,
itisadvisableto account for the nominal gain error of the analog output
channel either in software or with external hardware. See Appendix A,
Specifications, for analog output gain error information.
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Specifications

Appendix

Thisappendix lists the specifications of each board inthe AT E Series.
These specifications are typical at 25° C unless otherwise noted.

AT-MI0-16E-1, AT-MIO-16E-2 and AT-MI0-64E-3

Analog Input

Input Characteristics
Number of channels
AT-MI0O-16E-1,

AT-MIO-16E-2.......cooeveeeee.
AT-MIO-64E-3.........ccccvvers

Typeof ADC.....ccoevvveeiiiee v,
Resolution .........ccooceeiiiiiieeiie,

Max sampling rate

AT-MIO-16E-1........ccovcvveens

AT-MIO-16E-2,

AT-MIO-64E-3......ccooevvree.

Throughput to system memory

EISA machines.........coeeeunn...
ISA, PCI machines.................

O National Instruments Corporation A-1

16 single-ended or 8 differential
(software selectable)

64 single-ended or 32 differential
(software selectable)

Successive approximation
12 bits, 1in 4,096

1.25 M S/s guaranteed

500 kS/s guaranteed

1.0-1.25 MS/s
600—900 kS/s
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Appendix A Specifications for AT-MIO-16E-1, AT-MIO-16E-2 and AT-MI0-64E-3

AT-MIO/AI E Series User Manual

Input signal ranges................. Board Gain Board Range
(Software (Softwar e Selectable)
Selectable)
Bipolar Unipolar
05 +10V —
1 15V Oto10V
2 25V 0to5V
5 +1V 0to2V
10 +500 mV 0tolV
20 +250mV | 0to 500 mV
50 +100 mV 0to 200 mV
100 #50mV | 0to 100 mV
Input coupling........coeeevnvieeeiniiieeennn DC
Max working voltage
(signal + common mode)................. Each input should remain within
+11V of ground
Overvoltage protection..............cueee... +25V powered on, £ 15V
powered off
Inputs protected............cceevveennen. ACH<O0..63>, AISENSE,
AISENSE2
FIFO buffer size
AT-MIO-16E-1..........ccovvvvrrnnnn... 8,192 samples
AT-MIO-16E-2,
AT-MIO-64E-3........ccociverien, 2,048 samples
Datatransfers.......ccococvevvcieeeniieenenne DMA, interrupts, programmed
/O
DMA MOMES.......ccocevvvieieeee e, Single transfer, demand transfer
Configuration memory size................ 512 words
A-2 O National Instruments Corporation



Appendix A Specifications for AT-MI0-16E-1, AT-MIO-16E-2 and AT-MI0-64E-3

Transfer Characteristics

Relative accuracy .........cccoceeevveennnen. +0.5LSB typdithered, +1.5LSB
max undithered

DNL ot +0.5 LSB typ, +1.0 LSB max

NO MisSSiNg COES .......cccvvvririeriieenne. 12 bits, guaranteed

Offset error
Pregain error after calibration .....£12 pV max
Pregain error before calibration...£2.5 mV max
Postgain error after calibration....£0.5 mV max
Postgain error before calibration.+100 mV max
Gain error (relative to calibration reference)
After calibration (gain=1) ......... +0.02% of reading max
Before calibration ....................... +2.5% of reading max

Gain # 1 with gain error
adjustedtoOatgain=1....... +0.02% of reading max

Amplifier Characteristics
Input impedance

Normal powered on..................... 100 GQ in parallel with 100 pF
Powered Off .......cccevviiriiniiee 820 Q min
Overload........cccvceeiieiiniiciice 820 Q min

Input bias current ..........cccceeviveeennen +200 pA

Input offset current..........cccceeveeennnnn. +100 pA

CMRR, DC to 60 Hz
GaN=0.5.ccccciriiiii 95 dB
GaN=1. i 100 dB
GaANZ 2. 106 dB
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Appendix A Specifications for AT-MIO-16E-1, AT-MIO-16E-2 and AT-MI0-64E-3

Dynamic Characteristics

BandWldth ......................... Small signal (-3dB) Largesignal (l% THD)
AT-MIO-16E-1 1.6 MHz 1 MHz
AT-MIO-16E-2,

AT-MIO-64E-3 1 MHz 300 kHz
Settling time for Gain Accuracy
full-scalestep......cccccvenee.

+0.012% | +0.024% | +0.098%

(x0.5LSB) | (¥1LSB) | (x4LSB)

AT-MIO-16E-1 05 2ustyp | 15pstyp | L5pstyp
3pusmax | 2psmax | 2 psmax

1 15pstyp | 1.3pustyp | 1.1ustyp

2pusmax | 1.5pusmax | 1.3 psmax

21050 2 ustyp 15pstyp | 0.9 pstyp

3 ps max 2 s max 1 ps max
100 2 ustyp 1.5pustyp 1pstyp

3 s max 2pusmax | 1.5 psmax

AT-MIO-16E-2 All 2ustyp | 19pstyp | 1.8pstyp
4 us max 2 s max 2 s max

AT-MIO-64E-3 All 3pstyp 2pstyp | 1.8pstyp
S5pusmax | 3psmax | 2 psmax
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Appendix A Specifications for AT-MI0-16E-1, AT-MIO-16E-2 and AT-MI0-64E-3

System noise (L SBrms) Gain Noise, Noise,
(not including quantization) ....... dither off dither on
AT-MIO-16E-1 05t010 0.25 05
20 0.4 0.6
50 05 0.7
100 0.8 0.9
AT-MIO-16E-2, 0.5t020 0.15 05
AT-MIO-64E-3
50 0.3 0.6
100 05 0.7
Crosstalk ......oooveeeeiiiii, -80 dB, DC to 100 kHz
Stability
Recommended warm-up time............ 15 min
Offset temperature coefficient
Pregain.....ccccccocceeeivce e +5uv/°C
Postgain........cccvvvveniieiiieeciee +240 pv/°C
Gain temperature coefficient ............. +20 ppm/°C
Onboard calibration reference
Level ..o 5.000 V (2.5 mV) (actual value
stored in EEPROM)
Temperature coefficient .............. 15 ppm/°C max
Long-term stability ..........ccceeennee +15 ppm/+/1,000 h
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Appendix A Specifications for AT-MIO-16E-1, AT-MIO-16E-2 and AT-MI0-64E-3

Analog Output

AT-MIO/AI E Series User Manual

Output Characteristics
Number of channels.............ccccvveee... 2 voltage
RESOIULION. ... 12 bits, 1in 4,096
Max update rate

FIFO mode waveform generation

Internally timed .................. 1 MS/s per channel
Externally timed .................. 950 kS/s per channel
Non-FIFO mode waveform generation
Lchannel .....cccoovvveviiiiiins 600-950 kS/s (system
dependent)
2channel ......ccccoeeveiiiinnn, 300625 kS/s (system
dependent)
Type of DAC ..o, Double buffered, multiplying
FIFO buffer size .....ccccccoeevveeviieeenee, 2,048 samples
Datatransfers.......ccocoovriieeeiiiieecnnee DMA, interrupts,
programmed /O
DMA MOdES.....cceevvveeeeeieee e e Single transfer, demand transfer

Transfer Characteristics
Relative accuracy (INL)

After calibration ............ccceeeee. +0.3 LSB typ, £0.5 L SB max
Before calibration...........c........... +4 LSB max

DNL
After calibration ..........ccccccoeee. +0.3 LSB typ, £1.0 LSB max
Before calibration....................... +3 LSB max

MONOLONICILY ..vvvveeieeee e 12 bits, guaranteed after

calibration

Offset error
After calibration ..........c.cccceenen. +1.0 mV max
Before calibration....................... +200 mV max

Gain error (relative to internal reference)
After calibration ............cccceeneee. +0.01% of output max
Before calibration....................... +0.5% of output max
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Appendix A Specifications for AT-MI0-16E-1, AT-MIO-16E-2 and AT-MI0-64E-3

Gain error
(relative to external reference)

Voltage Output

REANGES ...

Output coupling
Output impedance
Current drive.......cccooceeeeiiieee e
Protection
Power-on state
External reference input
Range........coooeeieiiieeee
Overvoltage protection................

Input impedance
Bandwidth (-3 dB)

Dynamic Characteristics
Settling time for full-scale step

Glitch energy (at midscale transition)
Magnitude
Reglitching disabled.............

Reglitching enabled..............
DUration.......cccoceveevvereenecnreenneen

Stahility
Offset temperature coefficient...........
Gain temperature coefficient
Internal reference.........cccceeeeneee.
External reference........cccceeeennn.

O National Instruments Corporation A-7

+0% to +0.5% of output max, not
adjustable

+10V, 0to 10 V, :EXTREF,
0to EXTREF
(software selectable)

DC

0.1 Q max

+5 mA max
Short-circuit to ground
oV

+11V

+25V powered on, £15V
powered off

+200 mV
+30 mV
1.5ps

+50 WV/°C

+25 ppm/°C
25 ppm/°C
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Appendix A Specifications for AT-MIO-16E-1, AT-MIO-16E-2 and AT-MI0-64E-3

Onboard calibration reference

Level ., 5.000V (£2.5 mV) (actual value
stored in EEPROM)
Temperature coefficient.............. %5 ppm/°C max
Long-term stability ..................... +15 ppm/+/1,000 h
Digital 1/0
Number of channels............ccccceenn. 8 input/output
Compatibility.....cccoeeveeveiiieee e TTL/CMOS
Digital logic levels............ Level Min Max
Input low voltage oV 0.8V
Input high voltage 2V 5V
Input low current — -320 pA
(Vin=0V)
Input high current — 10 pA
(Vin=5V)
Output low
voltage
(loL=24mA) — 04V
Output high
voltage
(loH = 13mA) 435V —
Power-on state..........ccccceveeeviciniennnn. Input (High-2)
Datatransfers........ccoevveiinieeniieennn. Programmed I/O
Timing 1/0
Number of channels...........ccccccveeennee. 2 up/down counter/timers,
1 frequency scaler
Resolution
Counter/timers.......ccooeeeveeeiieens 24 bits
Frequency scalers........cocooeeeennee 4 bits
Compatibility .....cccoeeveiereriieee e TTL/CMOS
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Triggers

Appendix A Specifications for AT-MI0-16E-1, AT-MIO-16E-2 and AT-MI0-64E-3

Base clocks available

Counter/timers.........ccceeenee.

Freguency scalers..................
Base clock accuracy ....................
Max source frequency .................
Min source pulse duration ...........
Min gate pulse duration...............
Datatransfers........cooeeevviieeennnnen.

DMA MOdES.......coveeeeeiiiiieeiieeees

Analog Trigger

Resolution ........ccoceveereviieieee,
HySteresis.....oovvveiieeiiieenieee
Bandwidth (-3 dB).......ccccccvvnennee.

External input (PFIO/TRIG1)

Impedance...........cccvevivnennn.
Coupling ....coocvvvvnieeeniieiienn
Protection........cccceevveevnene

O National Instruments Corporation A-9

20 MHz, 100 kHz
10 MHz, 100 kHz

...... +0.01%

20 MHz
10 ns in edge-detect mode
10 nsin edge-detect mode

DMA, interrupts, programmed
1/0

Single transfer

ACH<0..63>, PFIO/TRIG1

+ full-scale, internal; +10 V,
external

Positive or negative (software
selectable)

8 hits, 1in 256
Programmable

1.5 MHz internal,
7 MHz external

10 kQ
DC

-0.5toVee + 0.5V when
configured as adigital signal

+35 V when configured as an
analog trigger signal or disabled

+35 V powered off
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Appendix A Specifications for AT-MIO-16E-1, AT-MIO-16E-2 and AT-MI0-64E-3

Bus Interface

Digital Trigger
Compatibility .......cocovivieriieiieeiee

RTSI

Trigger [iNeS.......cooovevieiiiiiiecee

Power Requirement

Physical

Environment

AT-MIO/AI E Series User Manual

+5VDC (5%)..cccuvieiiiiecieeciee e,
Power available at 1/0O connector .......

Dimensions
(not including connectors) .................

1/O connector
AT-MIO-16E-1,
AT-MIO-16E-2......cceovvevrivrrnnnn...

AT-MIO-64E-3.........coccviieinn,

Operating temperature...............ccee....
Storage temperature.........cccceeeeeeneeeee.
Relative humidity...........ccccceeviieennne

A-10

Rising or falling edge
10 ns min

10A

+4.65VDCto +5.25VDC
alA

33.8 by 9.9 cm (13.3 by 3.9in.)

68-pin male SCSI-II type
100-pin female 0.050 D-type

0° to 55°C
-55° to 150° C
5% to 90% noncondensing
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AT-MI0-16E-10 and AT-MIO-16DE-10

Analog Input

Input Characteristics

Number of channels............cccccoeee 16 single-ended or 8
differential, software selectable
Type of ADC ..cocvviiiiiiiceiec e Successive approximation
ReSOIULiON ... 12 bits, 1 in 4,096
Max sampling rate.........ccccccveeveceeeenns 100 kS/s guaranteed
Input signal ranges................. Board Gain Board Range
(Software (Softwar e Selectable)
Selectable)
5V 0-10V
05 +10V —
1 5V 0to 10V
2 25V Oto5V
5 +1V Oto2V
10 +500 mV OtolV
20 +250 mV 0to 500 mV
50 £100mV | 0to200 mV
100 +50mV | Oto 100 mV
Input coupling.....ccccevveevierinieenieeene DC
Max working voltage
(signal + common mode) ............ Each input should remain within
+11V of ground
Overvoltage protection...........c.ccccueene +35V powered on, £25V
powered off
Inputs protected........cccceevvveeennnns ACH<0..15>, AISENSE
FIFO buffer size........cccoocvviienieenne 512 samples
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Appendix A Specifications for AT-MI0-16E-10 and AT-MI0-16DE-10

AT-MIO/AI E Series User Manual

Datatransfers......cccocoevevicieeeiiieeeenne DMA, interrupts, programmed
/O

DMA MOMES.......c.occcvvvieieee e, Single transfer, demand transfer

Configuration memory size................ 512 words

Transfer Characteristics

Relative accuracy .........ccceevvevvveeennne +0.2LSB typ dithered, +1.0 LSB
max undithered

DNL cooivieciece e +0.2 LSB typ, +0.5 LSB max

NoO missing codes.......c..ccvvvvevrivveeennnne. 12 bits, guaranteed

Offset error
Pregain error after calibration..... £2 uV max
Pregain error before calibration .. £24 mV max
Postgain error after calibration ... £0.5 mV max
Postgain error before calibration. £100 mV max
Gain error (relative to calibration reference)
After calibration (Gain = 1) ........ +0.01% of reading max

Before calibration....................... +2.0% of reading max
Gain # 1 with gain error
adjustedto O at gain =1........... +0.05% of reading max

Amplifier Characteristics
Input impedance

Normal powered on.................... 100 GQ in parallel with 50 pF
Powered Off ........ccoooveiiiiiieee 3kQ min
Overload.........cccovveeevieiiiiniienns 3 kQ min

Input bias current .........ccccoceeeieeennenne +200 pA

Input offset current .........cccoceevveeennee. +100 pA

CMRR (all input ranges) .................... 90 dB, DC to 60 Hz

Dynamic Characteristics

Bandwidth
Small signal (-3dB).......ccceee...... 200 kHz
Largesignal (1% THD) .............. 300 kHz
Settling time for full-scale step .......... 10 ps max to £0.5 L SB accuracy
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Analog Output

Appendix A Specifications for AT-MI0-16E-10 and AT-MI0-16DE-10

System noise Gain Noise
(not including quantization) ..............

0.5t0 10 0.07LSB rms
20 0.12LSB rms
50 0.25LSB rms
100 0.5LSB rms

dither on, any gain| 0.5LSB rms

CrosstalK .....coovvevieiiiiieiee e -80 dB, DC to 100 kHz

Stability

Recommended warm-up time............ 15 min

Offset temperature coefficient
Pregain......ccccooceiiniiiiee +15uv/°C
Postgain.....ccccccceeevvcieec e +240 pv/°C

Gain temperature coefficient ............. +20 ppm/°C

Onboard calibration reference
LeVel .. 5.000 V (£2.5 mV) (actual value

stored in EEPROM)

Temperature coefficient .............. 15 ppm/°C max
Long-term stability ..........ccue...... +15 ppm/+/1,000 h

Output Characteristics

Number of channels ............ccccuveee... 2 voltage
ResolUtion......cccooeeeeieeiieeieeeeeee e, 12 bits, 1 in 4,096

Max updaterate .......ccccceeeeevicvrneennnnn. 100 kS/s

Type of DAC.....ccooiiiiieeiiieeieeieee Double buffered, multiplying
FIFO buffer size .......cccoooeiiniieeennnn None
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Appendix A Specifications for AT-MI0-16E-10 and AT-MI0-16DE-10

Datatransfers.......cccooevveeiieeeiieeneen, DMA, interrupts,
programmed 1/O
DMA MOMES.......c.occcvvvieieee e, Single transfer

Transfer Characteristics
Relative accuracy (INL)

After calibration..........cccooeevviieeenen +0.3 LSB typ, £0.5 LSB max
Before calibration ............ccccoecveeenee +4 LSB max
DNL
After calibration ...........cccccoeeee. +0.3 LSB typ, £1.0 L SB max
Before calibration...........cc........ +3 LSB max
MONOLONICItY ...oevveiiieieiieee e 12 bits, guaranteed after
calibration
Offset error
After calibration ...........cccccoeeee. +1.0 mV max
Before calibration...........ccc..c...... +200 mV max
Gain error (relative to internal reference)
After calibration ..........ccccceneee. +0.01% of output max
Before calibration....................... +0.5% of output max
Gain error
(relative to external reference) ........... 0% to +0.5% of output max,
not adjustable

Voltage Output

RENGES .....eveiiiiieiee e +10V, 0to 10 V, +tEXTREF,
0 to EXTREF
(software selectable)
Output coupling ........cceevveerierinieennn DC
Output impedance..........cccceeeevvcvneeenns 0.1 Q max
Current drive......ccceeveveeeeiieee e +5 mA max
Protection........cccccevvceeee i Short-circuit to ground
Power-on state .........ccccceeeeeiiiiiiieeenn. ov
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Appendix A Specifications for AT-MI0-16E-10 and AT-MI0-16DE-10

External reference input

Range........coooii, 11V

Overvoltage protection................ +35 V powered on, £25 V
powered off

Input impedance................cc........ 10 kQ

Bandwidth (-3 dB) ........cccceeuuene 300 kHz

Dynamic Characteristics

Settling time for full-scale step.......... 10 psto £0.5 LSB accuracy
SIEW rate ... 15 V/ps
NOISE....c e 200 pwvrms, DCto 1 MHz
Glitch energy (at midscale transition)
Magnitude........cccceevcvveeriiieeeee +100 mV
DUration.........cccceeeeeiieeeiniieeeee 3us
Stability
Offset temperature coefficient........... +50 pv/°C
Gain temperature coefficient
Internal reference.........ccccocueenee. +25 ppm/°C
External reference...........ccceeennee. +25 ppm/°C
Onboard calibration reference
LeVEl i 5.000 V(2.5 mV) (actual value
stored in EEPROM)
Temperature coefficient .............. 15 ppm/°C max
Long-term stability ..........cccee...... +15 ppm/ /1,000 h

Digital 1/0

Number of channels

AT-MIO-16E-10.......cccvververnnen. 8 input/output
AT-MIO-16DE-10....................... 32 input/output
Compatibility ......ccccooveerieeiiiiiieee TTL/CMOS
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Appendix A Specifications for AT-MI0-16E-10 and AT-MI0-16DE-10

Digital logic levels............ Level Min Max
Input low voltage ov 0.8V
Input high voltage 2V 5V
Input low current — -320 pA
(Vin=0V)
Input high current — 10 pA
(Vin=5V)
Output low
voltage
(loL =24 mA) — 04V
Output high
voltage
(loH =13 mA) 435V —

PA<0..7>, PB<0..7>, Level Min M ax

PC<0..7> ..o

(AT-M10-16DE-10 only) Input low voltage ov 08V
Input high voltage 2V 5V
Input low current — -60 pA
(Vin=0V)
Input high current — 10 pA
(Vin=5V)
Output low
voltage
(loL =25mA) — 04V
Output high
voltage
(loH =2.5mA) 39V —

Handshaking

(AT-MIO-16DE-10 only)................ 3-wire
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Timing 1/0

Triggers

Bus Interface
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Power-on state...........cccocveeeiriiieeenene Input (High-2)
Datatransfers
AT-MIO-16E-10........cccvvveeeeen. Programmed |/O
AT-MIO-16DE-10...................... Interrupts, programmed 1/O
Number of channels...............cccec.... 2 up/down counter/timers,
1 frequency scaler
ReESOIULION .....eeeiieieiiieiec e,
Counter/timers........coccoeeeeviieeeenne 24 bits
Frequency scalers.........cccvveenee. 4 bits
Compatibility ......cccoevvveiieiieeiieee TTL/CMOS
Base clocks available
Counter/timers........coccoeeeevieeeeenne 20 MHz, 100 kHz
Frequency scaler ........cccoccveeenee. 10 MHz, 100 kHz
Base clock accuracy .........cccoocveeennee. +0.01%
Max source frequency ...........ccceeeenee. 20 MHz
Min source pulse duration.................. 10 ns in edge-detect mode
Min gate pulse duration..................... 10 nsin edge-detect mode
Datatransfers......cococvevieeiiniieeeenee DMA, interrupts, programmed
1/0
DMA MOdES......cceviveveeeiieee e Single transfer
Digital Trigger
Compatibility ......ccccooveerieeiiiiiieee TTL
RESPONSE....eevvveeeeiiiiieie e, Rising or falling edge
Pulse width........ccoooiviiiiieeee 10 ns min
RTSI
Trigger liNES.....ovevvcvieeeiiee e 7
TYPC .ot Slave
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Power Requirement

Physical

Environment

AT-MIO/AI E Series User Manual

+5VDC (5%)..cccuvveiiiieiiieciee e 0.7A
Power available at I/O connector ....... +4.65 VDC to +5.25 VDC
alA
Dimensions
(not including connectors) ................. 33.8by 9.9cm (13.3 by 3.9in.)
I/O connector
AT-MIO-16E-10........cccevvvrveennnen. 68-pin male SCSI-11 type
AT-MIO-16DE-10.......c..cceuneen. 100-pin female 0.050 D-type
Operating temperature...............ccuee.nn. 0° to 55°C
Storage temperature..........cccceeeeeueeeee. -55° to 150°C
Relative humidity...........ccccevviveennne 5% to 90% noncondensing
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AT-MI0-16XE-10 and AT-AI-16XE-10

Analog Input

Input Characteristics

Number of channels.............cocuen. 16 single-ended or 8 differential
(software-sel ectable)
Type of ADC ..cocvviiiiiiiceiec e Successive approximation
ReSOIULiON ... 16 bits, 1 in 65,536
Maximum sampling rate..................... 100 kS/s guaranteed
Input signal ranges................. Board Gain Board Range
(Software (Softwar e Selectable)
Selectable)
Bipolar Unipolar
1 +100V 0to10V
2 50V Oto5V
5 20V Oto2V
10 10V OtolV
20 0.5V 0to0.5V
50 0.2V 0t00.2V
100 0.1V 0to0.1V
Input coupling........cocoueeeiriieeeiniiienenns DC
Maximum working voltage ................ Each input should remain
within £11 V of ground
Overvoltage protection.............c......... +25V powered on, £15V
powered off
Inputs protected........cccceevvverennnns ACH<0..15>, AISENSE
FIFO buffer Size.......ccocevivcieeeiiiieeens 512 samples
Datatransfers......cccoovvvveviceeeeiicieneennns DMA, interrupts, programmed
/0
DMA MOdES.......ocoviiiiiiaiiiiiee e Single transfer, demand transfer
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Configuration memory size................ 512 words

Transfer Characteristics

Relative accuracy .........ccevevveeiveeennnne +0.75 LSB typ, +1 LSB max
] N SR +0.5LSB typ, £1 LSB max
NoO missing codes........c.cccvvvevrvveeennnnn. 16 bits, guaranteed

Offset error

Pregain error after calibration..... £3 uV max

Pregain error before calibration .. £2.2 mV max

Postgain error after calibration ... £76 pV max

Postgain error before calibration. £102 mV max
Gain error (relative to calibration reference)

After calibration (gain =1)......... +30.5 ppm of reading max

Before calibration....................... +2,150 ppm of reading max
With gain error adjusted to 0 at gain =1

GaNZ Lo 1200 ppm of reading

Amplifier Characteristics
Input impedance

Normal, powered on ................... 100 GQ in parallel with 100 pF
Powered Off ..o 820 Q min
Overload.......cccoeeveiiiieiiiiieeeens 820 Q min
Input bias current..........ccoceevvciveeeenee +1 nA
Input offset current ...........ccevceeeneeene +2 nA
CMRR, DC to 60 Hz
GaiNn =1 92dB
GalN= 2. 97 dB
GaiN = 5. 101 dB
GaiNn =10, 104 dB
Gain =20, 105 dB
GaiN =50, 105 dB
Gain =100.....ccccceeiieiieiienieeniens 105 dB

A-20 O National Instruments Corporation



Appendix A Specifications for AT-MI0-16XE-10 and AT-Al-16XE-10

Dynamic Characteristics

Bandwidth
All gains......ccocovevveeeeee e, 255 kHz
Settling time for full-scale step, all gains and ranges
TOX05LSB ., 40 pstyp
TOXLLSB .o 20 pstyp
TOX4LSB ..., 10 pstyp
System noise (including quantization noise)
Gain=1,2,510....cccccceeviiunncnnn. 0.6 LSB rms bipolar,
0.8 LSB rms unipolar
GaN=20....cccccciiiiiiiiiiiiiiiinnn, 0.7 LSB rms bipolar,
1.1 LSB rms unipolar
GaiN=50...cccccccciuereeiiiieeeiiineeens 1.1 LSB rms bipolar,
2.0 LSB rms unipolar
Gain=100.......cccccccrriiiiiiiinnnnnn.. 2.0 LSB rms bipolar,
3.8 LSB rms unipolar
DynamicC range.......cccceeveveeeeeivvneennnnns 91.7 dB, full-scale input with
gain1to 10
Crosstalk ......ooovveeiieiiiii, -70 dB max, DC to 100 kHz
Stability
Recommended warm-up time............ 15 min
Offset temperature coefficient
Pregain.....ccoveeieeenee e 5 uv/°C
Postgain........ccccceeeveviiiiiiiee e, +120 pv/°C
Gain temperature coefficient ............. +7 ppm/°C
Onboard calibration reference
Level ..o 5.000 V (£0.5 mV) (actual value
stored in EEPROM)
Temperature coefficient .............. +0.6 ppm/°C max
Long-term stability .................... +6 ppm/+/1,000 h
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Analog Output (AT-

AT-MIO/AI E Series User Manual

MI0-16XE-10 only)

Output Characteristics

Number of channels.............ccccvveee... 2 voltage

Resolution.........cccoeeeveevieeieee, 16 bits, 1in 65,536

Max updaterate.......cccocceveeeviccvnnnnennn. 100 kS/s

Type of DAC ..o Double-buffered

FIFO buffer size.......ccooceeveeeviccinienn.n. 2,048 samples

Datatransfers.......ccococvevicieeeniieenenne DMA, interrupts, programmed
/O

DMA MOMES.......c.occcvvvieieee e, Single transfer, demand transfer

Transfer Characteristics

Relative accuracy (INL)........cccceeennee +0.5LSB typ, £1 L SB max
DNL oo +1 LSB max
MONOLONICItY ...oeeveiiieieiiieee e 16 bits, guaranteed
Offset error
After calibration ...........cccccoeeeee. 305 pV max
Before calibration.............cc.c...... 20 mV max
Gain error (relative to internal reference)
After calibration ..........cccceeeeee. +30.5 ppm max
Before calibration....................... 2,000 ppm max

Voltage Output

RaNGE......cviieiii +10V, 0to 10 V (software
selectable)

Output coupling .....ccccvveeericieeeiiiiieaens DC

Output impedance...........cccceeeeerneenne. 01Q

Current drive......cocevvevieeieere e 5 mA

Protection .......cccceevveeiieiinieenieee, Short-circuit to ground

Power-on state .........ccccceeveeeeeiiveeeenne, 0V (£ 20 mv)
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Dynamic Characteristics

Settling time for full-scale step.......... 10 psto £1 L SB accuracy
SIEW Fate ...vvvveeciiee e 5V/us
NOISE...uiiiiiiiiccee e, 60 uVrms, DC to 1 MHz
Stability
Offset temperature coefficient........... +50 pv/°C
Gain temperature coefficient ............. +7.5 ppm/°C
Onboard calibration reference
Level .. 5.000 V (£0.5 mV) (actual value
stored in EEPROM)
Temperature coefficient .............. +0.6 ppm/°C max
Long-term stability ..................... +6 ppm/+/1,000 h
Number of channels.............ccccec... 8 input/output
Compatibility ....cccoeeveieeeiiiee e TTL/CMOS
Digital logic levels............ Level Min Max
Input low voltage oV 08V
Input high voltage 2V 5V
Input low current — -320 pA
Input high current — 10 pA
Output low
voltage
(loL=24mA) — 04V
Output high
voltage
(loH=13mA) 435V —
Power-on State........cccceveveeeecciveeennne Input (High-2)
Datatransfers.......ccovveeeieeenveennn. Programmed 1/0O
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Timing 1/0

Number of channels.............ccceeeeen. 2 up/down counter/timers,
1 frequency scaler
Resolution
Counter/timers........ccoeeveevcveeennne 24 bits
Frequency scaler........cccoocuveeennee 4 bits
Compatibility .......coeviveeniciieeieee TTL/CMOS
Base clocks available
Counter/timers........cccceeeveeeeeenennn, 20 MHz, 100 kHz
Frequency scaler........cccoocuveeennee 10 MHz, 100 kHz
Base clock accuracy ........ccocvvevveennen. +0.01%
Max source frequency ............ccceeenee. 20 MHz
Min source pulse duration ................. 10 ns, edge-detect mode
Min gate pulse duration ..................... 10 ns, edge-detect mode
Datatransfers.......ccoocevieeienenn, DMA, interrupts,
programmed 1/0O
DMA MOdES.....ceeevireeeeeiieeeeciieee e, Single transfer
Triggers
Analog Trigger
SOUMCE. ...t ACH<0..15>, PFIO/TRIG1
LeVEl ..o * Full-scale, internal;
+10V, external
S0Pt Positive or negative (software
selectable)
RESOIULION. ... 12 bits, 1 in 4,096
HYSLEr€SIS .oovveiiie e Programmable
Bandwidth (-3 dB) ........cccoeviniiinennn 255 kHz internal,
4 MHz external
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External input (PFIO/TRIG1)
Impedance..........ccoocveeeeeeeicnnnen,
Coupling ...cceeveeeiieeeiee e
Protection........cc.cocvvevverceenienenn

ACCUIBEY ..eevveeeeiieeeeee e

Digital Trigger
Compatibility .....cceeveveeiiieee e

RTSI

Trigger LineS......ccccoveevicveeeiiiieeeen,

Bus Interface

Power Requirement
+5VDC (£5%) ...oveveeeeeeeeeeeeen
Power available at 1/0O connector.......

Physical
Dimensions
(not including connectors)..............

1/O CONNECLON ...,

Environment
Operating temperature............ccccu......
Storage temperature..............ccoeeeeenn.
Relative humidity .........ccccovveeniennnnen.

O National Instruments Corporation A-25

-0.5to Vcec +0.5 V when
configured as a digital signal

+35 V when configured as an
analog trigger signal or disabled

+35 V powered off
+1% of full-scale range

TTL
Rising or falling edge
10 nsmin

Slave

12A

+4.65VDCto +5.25VDC
alA

33.8by 9.9cm (13.3 by 3.9in)
68-pin male SCSI-Il type

0to 55°C
-55to 150°C
5% to 90% noncondensing
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AT-MI10-16XE-30

Analog Input

Input Characteristics

Number of channels.............cocuen. 16 single-ended or 8 differential
(software-sel ectable)
Type of ADC ..cocvviiiiiiiceiec e Successive approximation
ReSOIULiON ... 16 bits, 1 in 65,536
Maximum sampling rate..................... 20 kS/s guaranteed
Input signal ranges................. Board Gain Board Range
(Software (Softwar e Selectable)
Selectable)
Bipolar Unipolar
1 +10V O0to10V
2 5V Oto5V
10 1V Oto1V
100 +0.1V 0t00.1V
Input coupling........cccoveeeiniieeeiniiienenns DC
Maximum working voltage
(signal + common mode) ............ The average voltage of each

differential pair should remain
within £8 V of ground

Overvoltage protection.............ccc....... +25V powered on, +15V

powered off
Inputs protected .........cceevieeeennes ACH<0..15>, AISENSE

FIFO buffer Siz€......ccoovvvvcieeeiiiieeens 512 samples

Datatransfers......cccoooeveiriieeeiniiienenne DMA, interrupts, programmed
/0

DMA MOdES.......ccoevvvviveeiiiireesiieeee s Single transfer, demand transfer

Configuration memory size................ 512 words
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Transfer Characteristics

Relative accuracy .........ccccevveerveennnen. +0.5 L SB typ, £1 LSB max
DNL 1o +0.5LSB typ, +1 LSB max
NO MiSSiNG COUES .......covvrririeireennnn 16 bits, guaranteed

Offset error
Pregain error after calibration .....£3 gV max
Pregain error before calibration...£1 mV max
Postgain error after calibration....£76 pV max
Postgain error before calibration.£4 mV max
Gain error (relative to calibration reference)

After calibration (gain=1) ......... +30.5 ppm of reading max
Before calibration ....................... +2250 ppm of reading max
With gain error adjusted to O at gain =1
GaN=2,10...cccccciemiiiiniienieen, +100 ppm of reading
Gain=100......cccccveeviiireeiiineeenns +250 ppm of reading

Amplifier Characteristics
Input impedance

Normal, powered on.................... 7 GQ in parallel with 100 pF
Powered Off .......ccceviiiiiiiiee 820 Q min
Overload......cccoeceveeiiiiee e 820 Q min

Input biascurrent ........cccoceevvcvvvneennn. +10nA

Input offset current..........ccceeveeennnen. +20 nA

CMRR, DC to 60 Hz
GaiN= 1. i 80 dB
GaN= 2. 86 dB
GaN=10.cccciiiiriieeeeeee e 100 dB
GaiNn=100.....ccccmierieniienrienienn 120 dB

Dynamic Characteristics

Bandwidth
GaN=1,2. e 63 kHz
GaiN=10.cccccccceeiiieecieecie e, 57 kHz
Gain=100......cccccveeiirereeriinrennns 33 kHz
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Analog Output

AT-MIO/AI E Series User Manual

Settling time for full-scale step ......

....50 psmax to + 1 LSB,

all gains and ranges

System noise (including quantization noise)

Gain=1,2,10...cccccccucirrnrnannn.
Gain=100.......cccereeriririneennn

CrosstalK.......evieeeeeieeeeeee e,

Stability

Recommended warm-up time.........

Offset temperature coefficient

Pregain ....ccccoccee e
PoStgain........cccveeiiiiiieeiieeeee
Gain temperature coefficient..........

Onboard calibration reference

LEVEl ..o,

Temperature coefficient .................
Long-term stability ........ccccvvevnneen.

Output Characteristics

Number of channels.......................
ResolUtioN.......ccccovviiiiiiieeee e,
Max update rate .........ccocveeviveeeninenne
Type of DAC ...ccoooeveeeieiiiieeee,
FIFO buffer size.......cccoceeveeeeinnnene.
Datatransfers.........ccccveeveeeviinnnnn,

Transfer Characteristics

Relative accuracy (INL).................
)] N1 RPN
MONOtONICItY .eevvevieeeeciieee e,

A-28

...0.5LSB rms
...0.8 LSB rms bipolar,

1.4 LSB rms unipolar

....-85 dB max, DC to 20 kHz

15 min

+1pv/°C
+12 pv/°C
+5 ppm/°C

5.000V (x2.0 mV) (actual value
stored in EEPROM)

12 ppm/°C max
+15 ppm/+/1,000 h

2 voltage

12 bits, 1in 4,096
20 kS/s
Double-buffered
None

DMA, interrupts, programmed
/O

Single transfer

....x0.5 LSB max

+1 LSB max
12 bits, guaranteed
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Offset error

After calibration............ccccoeeneee. +0.5 mV max
Before calibration ....................... +85 mV max
Gain error (relative to calibration reference)
After calibration............cccceeeneee. +0.01% of output max
Before calibration ..........ccc.......... +1% of output max
Voltage Output
RanNge......cccoeeiieeeeee e 10V
Output coupling.......ccccevveeeereeeeeeneennn. DC
Output impedance .........cccoevveeeeeeeeen. 0.1 Q max
Current drive.......ccccoeveevceeiiieenieee 5 mA
Protection .........cccoccoeeiiieeiiniieeee Short-circuit to ground
Power-on state........cccccevvvveeeecveeennne, OV (£85mV)

Dynamic Characteristics

Settling time for full-scale step.......... 50 psto 0.5 LSB accuracy

SleW rate ......ccceeevieiiiieee e 2V/ps

NOISE....cceieeeeee e 40 uVrms, DCto 1 MHz

Glitch energy (at midscale transition)
Magnitude........cccceevcveeeiiciieeeee +30 mV
DUuration.........cccocevevveeniienesneenn 10 ps

Stability

Offset temperature coefficient........... +25 uv/°C

Gain temperature coefficient ............. +15 ppm/°C

Onboard calibration reference
Level ..., 5.000 V (2 mV) (actual value

stored in EEPROM)

Temperature coefficient............... +2 ppm/°C max
Long-term stability ..................... +15 ppm/ /1,000 h
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Digital 1/0

Number of channels...........cccccceenn.e 8 input/output
Compatibility ......ccoovvviieiieiieeiie TTL/CMOS
Digital logic levels............ Level Min M ax
Input low voltage oV 08V
Input high voltage 2V 5V
Input low current — -320 pA
Input high current — 10 pA
Output low
voltage
(loL=24mA) — 04V
Output high
voltage
(loH = 13mA) 435V —
Power-on state..........ccccceveeeviciinnenennn. Input (High-2)
Datatransfers........ccovvieiineeiieennn. Programmed /O
Timing 1/0
Number of channels...........cccccveeennnee. 2 up/down counter/timers,
1 frequency scaler
Resolution
Counter/timers.......ccooeeevveeiieens 24 bits
Frequency scaler.........ccocoeeeenee 4 bits
Compatibility .....cccoeeveeeerieee e TTL/CMOS
Base clocks available
Counter/timers.......ccooeeevveeiieens 20 MHz, 100 kHz
Frequency scaler.........ccocoeeeenee 10 MHz, 100 kHz
Base clock accuracy ........cccceevcvveeenee. +0.01%
Max source frequency ............ccceen..e. 20 MHz
Min source pulse duration ................. 10 ns, edge-detect mode
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Min gate pulse duration
Datatransfers

DMA modes

Triggers
Digi

Comepatibility

Appendix A Specifications for AT-MI0-16XE-50

tal Trigger

RTSI

Trigger LineS......cooovvvevieeiiiiiiieenieens

Bus Interface

Power Requirement

+5 VDC (+5%)
Power available at 1/0O connector

Physical

Dimensions

(not including connectors)
1/0O connector

Environment

Operating temperature

Storage temperature.........cccceeeeeeeveeee.

Relative humidity

O National Instruments Corporation
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10 ns, edge-detect mode

DMA, interrupts,
programmed 1/O

Single transfer

TTL
Rising or falling edge
10 ns min

Slave

0.75A

+4.65VDCto +5.25VDC
alA

33.8by 9.9cm (13.3 by 3.91in)
68-pin male SCSI-II type

0to 55°C
-55to0 150°C
5% to 90% noncondensing
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Appendix

Optional Cable Connector
Descriptions

This appendix describes the connectors on the optional cables for the
AT E Series boards.

Figure B-1 shows the pin assignments for the 68-pin MO connector.
This connector is available when you use the SH6868 or R6868 cable
assemblies with the AT-MIO-16E-1, AT-MI10-16E-2,
AT-MIO-16E-10, AT-MI10-16XE-10, AT-Al-16XE-10, or
AT-MIO-16XE-50. It isalso one of the two 68-pin connectors
available when you use the SH1006868 cable assembly with the
AT-MIO-16DE-10 or AT-MI0O-64E-3.
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Appendix B Optional Cable Connector Descriptions

ACHs [34]68] ACHO
ACH1 [33[67] AIGND
AIGND |32[66| AcHY
ACH10 [31]65| ACH2
ACH3 [30]64| AIGND
AIGND |29[63| AcH11
ACH4 [28]62| AISENSE
AIGND |27[61| AcH12
ACH13 [26]60| ACHs
ACH6 [25[59| AIGND
AIGND |24 58| AcH14
ACH15 [23[57| ACH7
DACOOUT" [22[56| AIGND
DACI1OUT* [21[55| AOGND
EXTREF> [20 (54| AOGND
DI04 [19]53| DGND
DGND [1852| DIOO
DIo1 [17]51| pios
DIO6 |16 50| DGND
DGND [1549| DIO2
+5V |14|48| DIO7
DGND [13[47| DIO3
DGND [12[46| SCANCLK
PFIO/TRIGL | 11|45| EXTSTROBE*
PFILTRIG2 |10|44| DGND

DGND | 9 (43| PFI2/CONVERT*
t5V | 8 |42 | PFI3/GPCTR1_SOURCE
DGND | 7 |41 | PFI4/GPCTR1_GATE
PFIS/UPDATE* | 6 40| GPCTR1_OUT
PFIB/WFTRIG | 5 |39 | DGND
DGND | 4 |38 | PFI7/[STARTSCAN
PFI9/GPCTRO_GATE | 3 |37 | PFI8/GPCTRO_SOURCE
GPCTRO_OUT | 2 (36| DGND
FREQ_OUT | 1 (35| DGND

INot available on AT-AI-16XE-10

2Not available on AT-MIO-16XE-10,
AT-Al-16XE-10, or AT-MIO-16XE-50

Figure B-1. 68-Pin MIO Connector Pin Assignments

AT-MIO/AI E Series User Manual B-2 O National Instruments Corporation



Appendix B Optional Cable Connector Descriptions

Figure B-2 shows the pin assignments for the 68-pin DIO connector.
Thisis the other 68-pin connector available when you use the
SH1006868 cable assembly with the AT-MIO-16DE-10.

GND
PC6
PC5

GND
PC3
PC2

GND
PCO
PB7

GND
PB5
PB4

GND

GND
PB1

GND

GND
PAG

GND

GND
PA3

GND

GND
PAO

+5V

N/C
N/C
N/C
N/C
N/C
N/C
N/C
N/C
N/C

68

67

66

65

64

63

62

61

60

59

58

57

56

55

54

53

52

51

50

49

48

47

46

45

44

43

42

41

40

39

38

37

36

RPIN WAl O|O|(N|0|©

35

PC7
GND
GND
PC4
GND
GND
PC1
GND
GND
PB6
GND
GND
PB3
PB2
GND
PBO
PA7
GND

PA5
PA4

GND
PA2
PA1
GND
GND
N/C
N/C
N/C
N/C
N/C
N/C
N/C
N/C
N/C
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Figure B-3 shows the pin assignments for the 68-pin extended analog
input connector. Thisisthe other 68-pin connector available when you
use the SH1006868 cable assembly with the AT-MIO-64E-3.

ACH 24
ACH 17
ACH 18
ACH 27
ACH 20
ACH 21
ACH 30
ACH 23
ACH 32
ACH 41
ACH 34
ACH 35
AIGND
ACH 44
ACH 37
ACH 38
ACH 47
ACH 48
ACH 49
ACH 58
ACH 51
ACH 52
ACH 61
ACH 54
ACH 55

N/C

N/C

N/C

N/C

N/C

N/C

N/C

N/C

N/C

68

67

66

65

64

63

62

61

60

59

58

57

56

55

54

53

52

51

50

49

48

47

46

45

44

43

42

41

40

39

38

37

36

RPIN|W|A~lOI|O|N|[00]|©

35

ACH 16
ACH 25
ACH 26
ACH 19
ACH 28
ACH 29
ACH 22
ACH 31
ACH 40
ACH 33
ACH 42
ACH 43
AISENSE2
ACH 36
ACH 45
ACH 46
ACH 39
ACH 56
ACH 57
ACH 50
ACH 59
ACH 60
ACH 53
ACH 62
ACH 63
N/C
N/C
N/C
N/C
N/C
N/C
N/C
N/C
N/C

Figure B-3. 68-Pin Extended Analog Input Connector Pin Assignments
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Appendix B Optional Cable Connector Descriptions

Figure B-4 shows the pin assignments for the 50-pin MO connector.
This connector is available when you use the SH6850 or R6850 cable

assemblies with the AT-MIO-16E-1, AT-MI0-16E-2,
AT-MIO-16E-10, AT-MI10-16XE-10, AT-Al-16XE-10, or
AT-MIO-16XE-50. It is also one of the two 50-pin connectors
available when you use the R1005050 cable assembly with the
AT-MIO-16DE-10 or AT-MI0O-64E-3.

AIGND 1| 2| AIGND

ACHO 3|4 | ACH8

ACH1 | 5| 6 | ACH9

ACH2 | 7 | 8 | ACH10

ACH3 9 |10| ACH11

ACH4 |11|12| ACH12

ACH5 | 13|14 | ACH13

ACH6 | 15|16 | ACH14

ACH7 |17|18| ACH15

AISENSE | 19|20 | pacoouT
DACLOUT |21 |22 | EXTREF
AOGND |23|24| DGND

DIOO [25|26| DIO4

DIO1 |27 (28| DIO5

DIO2 |(29(30| DIO6

DIO3 |31(32| DIO7

DGND [33(34| +5V

+5V | 35|36 | SCANCLK
EXTSTROBE* |37 |38 | PFIO/TRIG1

PFIL/TRIG2 | 39|40 | PFI2/CONVERT*
PFI3/GPCTR1_SOURCE |41 |42 | PFI4/GPCTR1_GATE
GPCTR1_OUT |43 |44 | PFI5/UPDATE*
PFI6/WFTRIG |45 |46 | PFI7/STARTSCAN
PFI8/GPCTRO_SOURCE |47 |48 | PFI9/GPCTRO_GATE

GPCTRO_OUT |49 (50| FREQ OUT
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Figure B-4. 50-Pin MIO Connector Pin Assignments
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Figure B-5 shows the pin assignments for the 50-pin DIO connector.
Thisisthe other 50-pin connector available when you use the R1005050
cable assembly with the AT-MI10O-16DE-10.

PC7
PC6
PC5
PC4
PC3
PC2
PC1
PCO
PB7
PB6
PB5
PB4
PB3
PB2
PB1
PBO
PA7
PAG
PAS
PA4
PA3
PA2
PA1
PAO
+5V

GND
GND
GND
GND
GND
GND
GND
GND
GND

GND
GND

GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND

Figure B-5. 50-Pin DIO Connector Pin Assignments
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Appendix B Optional Cable Connector Descriptions

Figure B-6 shows the pin assignments for the 50-pin extended analog
input connector. Thisisthe other 50-pin connector available when you
use the R1005050 cable assembly with the AT-M10-64E-3.

ACH16 | 1| 2 | ACH24
ACH17 | 3 | 4 | ACH25
ACH18 | 5| 6 | ACH26
ACH19 | 7 | 8 | ACH27
ACH20 | 9 | 10| ACH28

ACH21 |11|12| ACH29
ACH22 |13|14| ACH30
ACH23 | 15|16 | ACH31
ACH32 |17|18| ACH40
ACH33 |19|20| ACH41
ACH34 |21|22| ACH42
ACH35 |23|24| ACH43
AISENSE2 | 25|26 | AIGND
ACH36 |27|28| ACH44
ACH37 [29|30| ACH45
ACH38 |31|32| ACH46
ACH39 |33|34| ACH47
ACH48 | 35|36 | ACHS56
ACH49 |37|38| ACH57
ACH50 |39|40| ACH58
ACH51 |41|42| ACH59
ACH52 | 43|44 | ACH60
ACH53 | 45|46 | ACH61
ACH54 | 47|48 | ACH62
ACH55 |49|50| ACH63

Figure B-6. 50-Pin Extended Analog Input Connector Pin Assignments
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Common Questions

Appendix

This appendix contains alist of commonly asked questions and their
answers relating to usage and special features of your AT E Series
board.

General Information

1

O National Instruments Corporation

What arethe AT E Seriesboards?

The AT E Series boards are switchless and jumperless, enhanced
MIO boards that use the DAQ-STC for timing.

What isthe DAQ-STC?

The DAQ-STC is the new system timing control ASIC
(application-specific integrated circuit) designed by National
Instruments and is the backbone of the AT E Series boards. The
DAQ-STC contains seven 24-bit counters and three 16-bit
counters. The counters are divided into three groups:

* Analog input—two 24-hit, two 16-bit counters
* Analog output—three 24-bit, one 16-bit counters
»  General-purpose counter/timer functions—two 24-bit counters

The groups can be configured independently with timing
resolutions of 50 nsor 10 ps. With the DAQ-STC, you can
interconnect a wide variety of internal timing signals to other
internal blocks. The interconnection scheme is quite flexible and
completely software configurable. New capabilities such as
buffered pulse generation, equivalent time sampling, and
seamlessly changing the sampling rate are possible.

How fast iseach AT E Seriesboard?

Thelast numeral in the name of an AT E Series board specifiesthe
settling time in microseconds for that particular board. For
example, the AT-MI0O-16E-2 has a 2 s settling time, which
corresponds to a sampling rate of 500 kS/s. These sampling rates
are aggregate: one channel at 500 kS/s or two channels at

250 kS/s per channel illustrates the relationship. Notice, however,
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4.

that some AT E Series boards have settling times that vary with
gain and accuracy. See Appendix A for exact specifications.
What typeof 5V protection dothe AT E Seriesboards have?

The AT E Series boards have 5 V lines equipped with a
self-resetting 1 A fuse.

Installation and Configuration

AT-MIO/AI E Series User Manual

5.

How do | configurean AT E Seriesboard on an EI SA computer?

Y ou must configure the board with DAQCONF or WDAQCONF; you
cannot use an EISA configuration utility to configure the board.

How do you set the base addressfor an AT E Seriesboard?

Under the AT E Series device option, thereis afield for base I/0
address; typeinthedesired base /O address. 0x180, 200, 220, 240,
280, and 300 are typical base addresses.

What jumpersshould | be awar e of when configuring my
AT E Seriesboard?

The AT E Series boards do not contain any jumpers; they are also
switchless.

Which National I nstruments manual should | read first to get
started using DAQ softwar e?

If you are using LabVIEW, Chapter 1 of the LabVIEW Data
Acquisition VI Reference Manual isthe best placeto get started. If
you are programming with NI-DAQ function calls or using
LabWindows/CVI, the NI-DAQ User Manual for PC Compatibles
is the best starting place.

What version of NI-DAQ must | haveto program my AT E Series
board?

Y ou must have version 4.9.0 or higher for the AT-MI0O-16XE-10
and AT-Al-16XE-10, version 4.8.0 or higher for the
AT-MIO-16E-1, and version 4.6.1 or higher for all other

AT E Series boards.
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10.

11.

12.

13.

Appendix C  Common Questions

What special callsmust be madein DOS or LabWindowsto use
AT E Seriesboards?

To link in the AT E Series function calls, you must call
USE_E_Seri es or one of its subsets.

What isthe best way to test my board without having to program
the board?

If you are using Windows, the WDAQCONF utility has a Test menu
with some excellent tools for doing simple functional tests of the
board, such as analog input and output, digital I/0, and
counter/timer tests. Also, the Test Configuration option will verify
that the base address, interrupt, and DMA settings for the board are
functioning properly.

| haveseveral DAQ boardsthat usemoretotal interrupt and DMA
channelsthan | have availablein my PC. What should | do?

Using the proper configuration utility, WDAQCONF or DAQCONF,

you can disable interrupt and DMA channels for the board you are
using. You may be more limited in the functionality of the board
(usually regarding high-speed acquisition), but you should at least
be able to use basic functionality for all boards in the system.

How can | select an AT E Seriesboard as my devicetypein
DAQCONF or WDAQCONF?

First, make sure your board is plugged into your computer. The
DAQCONF and WDAQCONF utilities scan your system for any
AT E Series devices. If no AT E Series boards are found, the
AT E Series device types are not given as choices.

Analog Input and Output

14.

O National Instruments Corporation

I’'m using my board in differential analog input mode and | have
connected adifferential input signal, but my readingsarerandom
and drift rapidly. What’swrong?

Check your ground reference connections. Y our signal may be
referenced to alevel that is considered floating with reference to
the board ground reference. Even if you arein differential mode,
the signal must still be referenced to the same ground level asthe
board reference. There are various methods of achieving thiswhile
mai ntai ning a high common-mode rejection ratio (CMRR). These
methods are outlined in Chapter 4, Signal Connections.
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15.

16.

17.

Can | sample across a number of channelson an
AT E Seriesboard while each channel isbeing sampled at a
different rate?

NI-DAQ for PC compatibles version 4.5.1 or later features a new
function called SCAN_Sequence_Set up, which allows for
multirate scanning of your analog input channels. Refer to the
NI-DAQ Function Reference Manual for PC Compatiblesfor more
details.

I’'m usingthe DACsto generateawaveform, but | discovered with
adigital oscilloscope that there are glitches on the output signal.
Isthisnormal?

When it switches from one voltage to another, any DAC produces
glitches due to released charges. The largest glitches occur when
the most significant bit (MSB) of the D/A code switches. Y ou can
build alowpass deglitching filter to remove some of these glitches,
depending on the frequency and nature of your output signal. The
AT-MIO-16E-1, AT-MIO-16E-2 and the AT-M10-64E-3 boards
have built-in reglitchers, which can be enabled through software,
on their analog output channels. See the Analog Output Reglitch
Selection section in Chapter 3 for more information about
reglitching.

Can | synchronize a one-channel analog input data acquisition
with a one-channel analog output waveform generation on my
AT E Seriesboard?

Y es. Oneway to accomplish thisisto use the waveform generation
timing pulses to control the analog input data acquisition. To do
this, follow steps athrough d below, in addition to the usual steps
for data acquisition and waveform generation configuration.

a. Enable the PFI5 line for output, as follows:

e If you areusing NI-DAQ, call
Sel ect _Si gnal (devi ceNunber, ND_PFI _5,
ND_OUT_UPDATE, ND HI GH TO LOW.

« If you areusing LabVIEW, invoke Route Signal VI with
signal name set to PFI5 and signal source set to AO Update.
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Appendix C  Common Questions

b. Set up data acquisition timing so that the timing signal for
A/D conversion comes from PFI5, as follows:

e If youareusing NI-DAQ, call
Sel ect _Si gnal (devi ceNunber,
ND_| N_CONVERT, ND_PFI _5, ND H GH TO LOW.
» If you areusing LabVIEW, invoke Al Clock Config VI with
clock source code set to PFI pin, high to low, and clock source
string set to 5.

c. Initiate analog input data acquisition, which will start only
when the analog output waveform generation starts.

e If youareusing NI-DAQ, call DAQ_St ar t with appropriate
parameters.

» If youareusing LabVIEW, invoke Al Control VI with control
code set to O (start).

d. Initiate analog output waveform generation.

e If youareusing NI-DAQ, call WM _Gr oup_Cont r ol with
operation set to 1 (start).

* If youareusingLabVIEW, invoke AO Control VI with control
code set to O (start).

What types of triggering can beimplemented in hardwar e on my
AT E Seriesboard?

Digital triggering is supported by hardware on every AT E Series
MIO board. In addition, the AT-MI0O-16E-1, AT-MI0O-16E-2,
AT-MIO-64E-3, AT-MI0O-16XE-10, and AT-Al-16XE-10 support
analog triggering in hardware.

19. What added functionality doesthe DAQ-STC make possiblein

O National Instruments Corporation

contrast to the Am9513?

The DAQ-STC incorporates much morethan just 10 Am9513-style
counters within one chip. In fact, the DAQ-STC hasthe
complexity of more than 24 chips. The DAQ-STC makes possible
PFI lines, analog triggering, selectable logic level, and frequency
shift keying. The DAQ-STC also makes buffered operations
possible, such as direct up/down control, single or pulse train
generation, equivalent time sampling, buffered period, and
buffered semiperiod measurement.
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20.

21.

22.

23.

24.

What isthe differencein timebases between the Am9513
counter/timer and the DAQ-STC?

The DAQ-STC-based M10 boards have a 20 MHz timebase. The
Am9513-based MIO boards have a1l MHz or 5 MHz timebase.

The counter/timer examples supplied with NI-DAQ are not
compatiblewith an AT E Seriesboard. Wherecan | find
examplestoillustrate the use of the DAQ-STC asa

gener al-pur pose counter /timer ?

If you are using the NI-DAQ language interface and a C compiler
under DOS, a new subdirectory called GPCTR, which lies beneath
the exanpl es directory, contains 16 examples of the most
common uses of the DAQ-STC.

Will the counter/timer applicationsthat | wrote previously work
with the DAQ-STC?

If you are using NI-DAQ with LabVIEW, some of your
applications drawn using the CTR VIs will still run. However,
there are many differencesin the counters betweenthe AT E Series
and other boards; the counter numbers are different, timebase
selections are different, the DAQ-STC counters are 24-hit counters
(unlike the 16-bit counters on boards without the DAQ-STC).

If you are using NI-DAQ language interface, LabWindows, or
LabWindows/CVI, the answer is, no, the counter/time applications
that you wrote previously will not work with the DAQ-STC. You
must use the GPCTR functions; ICTR and CTR functions will not
work with the DAQ-STC. The GPCTR functions have the same
capabilities asthe ICTR and CTR functions, plus more, but you
must rewrite the application with the GPCTR function calls.

I’'m using one of the gener al-pur pose counter/timers on my
AT E Seriesboard, but | do not see the counter/timer output on
theI/O connector. What am | doing wrong?

If you are using NI-DAQ language interface or LabWindows/CVI,
you must configure the output line to output the signal to the I/O
connector. UsetheSel ect _Si gnal call inNI-DAQto configure
the output line. By default, all timing I/O lines except
EXTSTROBE* are tri-stated.

How does NI-DAQ treat bogus missed data transfer errorsthat
can ariseduring DM A-driven GPCTR buffered-input oper ations?

When doing buffered transfers using GPCTR function calls with
DMA, you can call GPCTR_Wat ch to indicate dataTransfer
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errors. NI-DAQ takes asnapshot of transfers and counts how many
points have been transferred. If all the pointshave been transferred
and the first instance of this error occurs, NI-DAQ returns a
gpctr DataTransfer War ning indicating that the error could be
bogus. If all the points have not been transferred, NI-DAQ returns
the genuine error. The error continues to be returned until the
acquisition completes. The above error occurs because NI-DAQ
disarms the counter from generating any more requests in the
interrupt service routine. Due to interrupt latencies, it is possible
that the counter may have generated some spurious requests which
the DMA controller may not satisfy because it has already
transferred the required number of points.

25. What arethe PFIsand how do | configurethese lines?

PFIs are Programmable Function Inputs. These lines serve as
connections to virtually all internal timing signals.

If you are using NI-DAQ language interface, LabWindows, or
LabWindows/CVI, use the Sel ect _Si gnal function to route
internal signals to the 1/0 connector, route external signals to
internal timing sources, or tie internal timing signals together.

If you are using NI-DAQ with LabVIEW and you want to connect
external signal sources to the PFI lines, you can use Al Clock
Config, Al Trigger Config, AO Clock Config, AO Trigger and Gate
Config, CTR Mode Config, and CTR Pulse Config advanced level
Vlsto indicate which function the connected signal will serve. Use
the Route Signal VI to enable the PFI lines to output internal
signals.

Warning: If you enable a PFI line for output, do not connect any external signal
? sourcetoit; if you do, you can damage the board, the computer, and the
connected equipment.

26. What arethe power-on states of the PFI and DIO lineson thel/O

O National Instruments Corporation

connector?

At system power-on and reset, both the PFI and DIO lines are set
to high impedance by the hardware. This means that the board
circuitry is not actively driving the output either high or low.
However, these lines may have pull-up or pull-down resistors
connected to them as shown in Tables 4-1 to 4-4, I/O Signal
Summary. These resistors weakly pull the output to either alogic
high or logic low state. For example, DIO(0) will be in the high
impedance state after power on, and Table 4-1 shows that there is
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a 50 kQ pull-up resistor. This pull-up resistor will set the DIO(0)
pin to alogic high when the output isin a high impedance state.
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Click here to comment on this document
via the National Instruments website at
http://www.natinst.com/documentation/dag/ Appendix

Customer Communication

For your convenience, this appendix contains forms to help you gather the information necessary
to help us solve your technical problems and aform you can use to comment on the product
documentation. When you contact us, we need the information on the Technical Support Form
and the configuration form, if your manual contains one, about your system configuration to
answer your questions as quickly as possible.

National Instruments has technical assistance through electronic, fax, and telephone systems to
quickly provide the information you need. Our electronic services include a bulletin board
service, an FTP site, a FaxBack system, and e-mail support. If you have a hardware or software
problem, first try the electronic support systems. If the information available on these systems
does not answer your questions, we offer fax and tel ephone support through our technical support
centers, which are staffed by applications engineers.

Electronic Services

Bulletin Board Support

National Instruments has BBS and FTP sites dedicated for 24-hour support with a collection of
files and documents to answer most common customer questions. From these sites, you can also
download the latest instrument drivers, updates, and example programs. For recorded instructions
on how to use the bulletin board and FTP services and for BBS automated information, call (512)
795-6990. Y ou can access these services at:

United States: (512) 794-5422 or (800) 327-3077
Up to 14,400 baud, 8 data bits, 1 stop bit, no parity

United Kingdom: 01635 551422
Up to 9,600 baud, 8 data bits, 1 stop bit, no parity

France: 14865 15 59
Up to 9,600 baud, 8 data bits, 1 stop bit, no parity

FTP Support

To access our FTP site, log on to our Internet host, f t p. nat i nst. com as anonymous and use
your Internet address, such asj oesmi t h@nywher e. com asyour password. The support files
and documents are located in the / support directories.
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El FaxBack Support

Click here to comment on this document
via the National Instruments website at
http://www.natinst.com/documentation/dag/

FaxBack is a 24-hour information retrieval system containing alibrary of documents on awide
range of technical information. Y ou can access FaxBack from a touch-tone telephone at

(512) 418-1111.

E-Mail Support (currently U.S. only)

Y ou can submit technical support questions to the appropriate applications engineering team
through e-mail at the Internet addresses listed below. Remember to include your name, address,
and phone number so we can contact you with solutions and suggestions.

GPIB: gpi b. support @ati nst.com
DAQ: daqg. support @ati nst.com
VXI: vxi.support @atinst.com

LabWindows: | w. support @at i nst.com

Fax and Telephone Support

National Instruments has branch officesall over theworld. Usethelist below to find the technical
support number for your country. If thereisno National Instruments office in your country,
contact the source from which you purchased your software to obtain support.

Australia
Austria
Belgium
Canada (Ontario)
Canada (Quebec)
Denmark
Finland
France
Germany
Hong Kong
Italy

Japan
Korea
Mexico
Netherlands
Norway
Singapore
Spain
Sweden
Switzerland
Taiwan
U.K.

Telephone

03 9 879 9422
06624579900
02 757 00 20
519 622 9310
514 694 8521
4576 26 00
90 527 2321
148142424
089 741 31 30
2645 3186

02 413091

03 5472 2970
02 596 7456
95 800 010 0793
0348 433466
32 84 84 00
2265886

91 640 0085
087304970
056 200 51 51
02 377 1200
01635 523545

LabVIEW: | v. support @at i nst.com
HiQ: hi g. support @atinst.com
VISA: vi sa. support @atinst.com

Fax

0398799179
0662 45 79 90 19
0275703 11

514 694 4399
4576 26 02
90 502 2930
148142414
089 714 60 35
2686 8505

02 41309215
03 5472 2977
02 596 7455
5520 3282
0348 430673
32 84 86 00
2265887

91 640 0533
087304370
056 200 51 55
02 737 4644
01635 523154


http://www.natinst.com/documentation/daq/

Click here to comment on this document
via the National Instruments website at

Technical Support Form http://www.natinst.com/documentation/daqg/

Photocopy thisform and update it each time you make changes to your software or hardware, and
use the completed copy of thisform as areference for your current configuration. Completing
this form accurately before contacting National Instruments for technical support helps our
applications engineers answer your questions more efficiently.

If you are using any National Instruments hardware or software products related to this problem,
include the configuration forms from their user manuals. Include additional pagesif necessary.

Name

Company

Address

Fax () Phone ()

Computer brand Model Processor

Operating system (include version number)
Clockspeed . MHz RAM___ MB Display adapter
Mouse___yes __ no Other adaptersinstaled
Hard disk capacity  ~ MB Brand
I nstruments used

National Instruments hardware product model Revision

Configuration

National Instruments software product Version

Configuration

The problemiis:

List any error messages:

The following steps reproduce the problem:
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AT E Series Hardware and Software

. . Click here to comment on this document
Conflguratlon Form via the National Instruments website at

, o http://www.natinst.com/documentation/dag/
Record the settings and revisions of your hardware and software on the line to the right of each

item. Complete a new copy of thisform each time you revise your software or hardware
configuration, and use this form as a reference for your current configuration. Completing this
form accurately before contacting National Instruments for technical support helps our
applications engineers answer your guestions more efficiently.

National Instruments Products
AT E Series Board

AT E Series Board Serial Number
Interrupt Level of AT E Series Board
DMA Channels of AT E Series Board
Base 1/O Address of AT E Series Board

Programming Choice (NI-DAQ, LabVIEW, LabWindows/CV1, or other)
Software Version

Other Products
Computer Model

Microprocessor

Clock Frequency
Type of Video Board Installed
Operating System (DOS or Windows)
Operating System Version
Operating System Mode

Programming Language

Programming Language Version
Other Boards in System
Base I/O Address of Other Boards
DMA Channels of Other Boards
Interrupt Level of Other Boards
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Documentation Comment Form

National Instruments encourages you to comment on the documentation supplied with our
products. Thisinformation helps us provide quality products to meet your needs.

Title: AT-MIO/AI E SeriesUser Manual ~ Click here to comment on this document
Edition Date: via the National Instruments website at

May 1996 . .
¥ http://www.natinst.com/documentation/dag/
Part Number: 320517E-01

Please comment on the completeness, clarity, and organization of the manual.

If you find errorsin the manual, please record the page numbers and describe the errors.

Thank you for your help.

Name

Title

Company

Address

Phone( )

Mail to: Technical Publications Fax to: Technical Publications
National Instruments Corporation National Instruments Corporation
6504 Bridge Point Parkway (512) 794-5678

Austin, TX 78730-5039
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Glossary

Prefix M eaning Value

p- pico- 10712
n- nano- 1079
- micro- 1076
m- milli- 1073
k- kilo- 103
M- mega- 106
G- giga 109

Symbols

% percent

+ plus or minus

° degrees

/ per

+ positive of, or plus

- negative of, or minus

Q ohms

N square root of

+5V +5 VDC source signal

O National Instruments Corporation G-1
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Glossary

A

A

AC

ACH

A/D
ADC
AIGATE
AIGND
AISENSE
AISENSE2
ANSI
AOGND
ASIC

BIOS

C

C

CalDAC
CMOS
CMRR
CONVERT*

AT-MIO/AI E Series User Manual

amperes
alternating current

analog input channel signal
analog-to-digital

A/D converter

analog input gate signal

analog input ground signal

analog input sense signal

analog input sense 2 signal

American National Standards Institute
analog output ground signal

application-specific integrated circuit

basic input/output system or built-in operating system

Celsius

calibration DAC

complementary metal-oxide semiconductor
common-mode rejection ratio

convert signal
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D

D/A

DAC
DACOOUT
DAC10UT
DAQ

DC
DGND
DIFF

DIO
DMA
DNL

E

EEPROM
EISA
EXTREF
EXTSTROBE

F

FIFO
FREQ OUT
ft

O National Instruments Corporation

Glossary

digital-to-analog

D/A converter

analog channel 0 output signal
analog channel 1 output signal
data acquisition

direct current

digital ground signal
differential mode

digital input/output

direct memory access

differential nonlinearity

electrically erasable programmable read-only memory
Extended Industry Standard Architecture
external reference signal

external strobe signal

first-in-first-out
frequency output signal
feet
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Glossary

G

GPCTRO_GATE
GPCTRL_GATE
GPCTRO_OUT
GPCTR1_OUT
GPCTRO_SOURCE
GPCTR1_SOURCE

H

h
hex

Hz

LASTCHAN
LSB

MB
MIO

AT-MIO/AI E Series User Manual

general purpose counter O gate signal

general purpose counter 1 gate signal

general purpose counter O output signal

general purpose counter 1 output signal

general purpose counter O clock source signal

general purpose counter 1 clock source signal

hour
hexadecimal

hertz

input/output
current, output high
current, output low

Industry Standard Architecture

last channel (bit)

least significant bit

megabytes of memory

multifunction I/O
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MSB

NRSE

ouT

PC
PFI
PGIA

ppm

rms

RSE
RTD
RTSI

S

S

S
SCANCLK
SCXI1

SE
SISOURCE

O National Instruments Corporation

Glossary

most significant bit

nonreferenced single-ended mode

output

persona computer
Programmable Function Input
Programmable Gain Instrumentation Amplifier

parts per million

root mean square
referenced single-ended mode
resistive temperature device

Real-Time System Integration

seconds

samples

scan clock signal

Signal Conditioning eXtensions for Instrumentation
single-ended inputs

Sl counter clock signal
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STARTSCAN

T

TC
THD
TRIG
TTL

U

ul
UISOURCE
UPDATE

v

v
vDC
VIH
ViL
Vin
VoH
VoL
Vet

W

WFTRIG
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start scan signal

terminal count
total harmonic distortion
trigger signal

transistor-transistor logic

update interval
update interval counter clock signal

update signal

volts

volts direct current
volts, input high
volts, input low
voltsin

volts, output high
volts, output low

reference voltage

waveform generation trigger signal
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I ndex

Symbols

+5V signa
description, 4-6
power connections, 4-30

A

ACH<0..15> signal
analog input connections, 4-16
AT-MIO-16E-10 and AT-MI0O-16DE-10
(table), 4-10
AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-12
AT-MIO-16XE-50 (table), 4-14
description (table), 4-5
ACH<0..63> signad
analog input connections, 4-16
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-8
ACK* signa (table), 4-54
addresses
base 1/0 address selection, 2-3
PC AT 1/O address map
(table), 2-4to 2-5
AIGATE signdl, 4-41
AIGND signal
analog input connections, 4-16 to 4-17
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-8
AT-MIO-16E-10 and AT-MI0O-16DE-10
(table), 4-10
AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-12
AT-MIO-16XE-50 (table), 4-14
description (table), 4-5

O National Instruments Corporation /-1

differential connectionsfor floating signal
sources, 4-22 to 4-23
AISENSE signal
analog input connections, 4-16
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-8
AT-MIO-16E-10 and AT-MI0O-16DE-10
(table), 4-10
AT-MIO-16XE-10 and AT-AI-16XE-10
(table), 4-12
AT-MIO-16XE-50 (table), 4-14
description (table), 4-5
AISENSE2 signal
analog input connections, 4-16
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-8
description (table), 4-5
amplifier characteristics
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3, A-3
AT-MIO-16E-10 and
AT-MIO-16DE-10, A-12
AT-MIO-16XE-10 and
AT-AI-16XE-10, A-20
AT-MIO-16XE-50, A-27
analog input, 3-6 to 3-13
common questions about, C-3 to C-5
considerations for selecting input
ranges, 3-10
dither, 3-11 to 3-12
input modes, 3-6 to 3-7
input polarity and range, 3-7 to 3-10
multiple-channel scanning
considerations, 3-12 to 3-13
signal connections, 4-16 to 4-17
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Index

AT-MIO-16E-10 and AT-MIO-16DE-10
dynamic characteristics, A-15
output characteristics, A-13to A-14

analog input specifications
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3, A-1to A-5

amplifier characteristics, A-3
dynamic characteristics, A-4to A-5
input characteristics, A-1to A-2
stahility, A-5

transfer characteristics, A-3

AT-MIO-16E-10 and AT-MI0O-16DE-10

amplifier characteristics, A-12
dynamic characteristics,

A-12t0 A-13
input characteristics, A-11 to A-12
stability, A-13
transfer characteristics, A-12

AT-MIO-16XE-10 and AT-Al-16XE-10

amplifier characteristics, A-20
dynamic characteristics, A-21
input characteristics, A-19 to A-20
stability, A-21

transfer characteristics, A-20

AT-MIO-16XE-50

amplifier characteristics, A-27

dynamic characteristics,
A-27to A-28

input characteristics, A-26

stability, A-28

transfer characteristics, A-27

stability, A-15

transfer characteristics, A-14

voltage output, A-14 to A-15
AT-MIO-16XE-10

dynamic characteristics, A-23

output characteristics, A-22

stability, A-23

transfer characteristics, A-22

voltage output, A-22
AT-MIO-16XE-50

dynamic characteristics, A-29

output characteristics, A-28

stability, A-29

transfer characteristics, A-28to A-29

voltage output, A-29

analog trigger, 3-15to 3-18

block diagram, 3-16

specifications, AT-MIO-16E-1,
AT-MIO-16E-2 and
AT-MIO-64E-3, A-9to A-10

specifications, AT-MI0O-16XE-1O and
AT-AI-16XE-10, A-24 to A-25

AOGND signal

analog output connections, 4-27 to 4-28
AT-MIO-16E-1, AT-MIO-16E-2 and

analog output, 3-14 to 3-15
common questions about, C-3to C-5

AT-MIO-64E-3 (table), 4-8
AT-MIO-16E-10 and AT-MIO-16DE-10

output polarity selection, 3-14 to 3-15 (table), 4-10
reference selection, 3-14 AT-MIO-16XE-10 and AT-Al-16XE-10
reglitch selection, 3-15 (table), 4-12

signal connections, 4-27 to 4-28
analog output specifications
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3, A-6to A-7

AT-MIO-16XE-50 (table), 4-14
description (table), 4-5
AT E series boards. See also hardware
overview.

dynamic characteristics, A-7
output characteristics, A-6
stability, A-7to A-8

transfer characteristics, A-6 to A-7
voltage output, A-7
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common questions about, C-1to C-8
features, 1-1to 1-2

getting started, 1-2

optiona equipment, 1-5
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software programming choices
LabVIEW and LabWindows/CVI,
1-3
NI-DAQ driver software, 1-3to 1-5
register-level programming, 1-5
unpacking, 1-7

B
base 1/0 address selection, 2-3
bipolar input
AT-MIO-16E-1, AT-MIO-16E-2,
AT-MIO-64E-3, AT-MIO-16E-10, and
AT-MIO-16DE-10, 3-7 to 3-8
AT-MIO-16XE-10, AT-Al-16XE-10,
and AT-MI0O-16XE-50, 3-9to 3-10
mixing bipolar and unipolar channels
(note), 3-9
bipolar output, 3-14, 3-15
block diagrams

AT-AI-16XE-10, 3-5
AT-MIO-16E-1 and AT-MIO-16E-2, 3-1
AT-MIO-16E-10 and
AT-MIO-16DE-10, 3-3
AT-MIO-16XE-10, 3-4
AT-MIO-16XE-50, 3-6
AT-MIO-64E-3, 3-2
board configuration. See configuration.
bulletin board support, D-1
bus interface specifications
AT-MIO 16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3, A-10
AT-MIO-16E-10 and
AT-MIO-16DE-10, A-17
AT-MIO-16XE-10 and
AT-AI-16XE-10, A-25
AT-MIO-16XE-50, A-31

C

cables. See also /O connectors.
field wiring considerations, 4-58
optional equipment, 1-5
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Index

calibration, 5-1 to 5-3
adjusting for gain error, 5-3
external calibration, 5-2 to 5-3
loading calibration constants, 5-1 to 5-2
self-calibration, 5-2
charge injection, 3-13
clocks, board and RTSI, 3-21
commonly asked questions. See questions
about AT E series boards.
common-mode signal rejection, 4-26
configuration. See also input configurations.
base 1/0 address selection, 2-3
businterface, 2-2 to 2-7
common questions about, C-2 to C-3
DMA channel selection, 2-3to 2-4
interrupt channel selection
PC AT 16-bit DMA channel
assignment map (table), 2-7
PC AT 1/O address map
(table), 2-4to 2-5
PC AT interrupt assignment map
(table), 2-6
Plug and Play systems, 2-3
switchless data acquisition, 2-3
connectors. See 1/0O connectors.
CONVERT* signal
signal routing, 3-19 to 3-20
timing connections, 4-39 to 4-40
customer communication, xiv, D-1 to D-2

D

DACOOUT signal

analog output connections, 4-27 to 4-28

AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-8

AT-MIO-16E-10 and AT-MIO-16DE-10
(table), 4-10

AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-12

AT-MIO-16XE-50 (table), 4-14

description (table), 4-5
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DAC10UT signd
anal og output connections, 4-27 to 4-28
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-8
AT-MIO-16E-10 and AT-MI0O-16DE-10
(table), 4-10
AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-12
AT-MIO-16XE-50 (table), 4-14
description (table), 4-5
DAQ-STC, C-1
data acquisition timing
connections, 4-32 to 4-42
AIGATE signd, 4-41
CONVERT* signal, 4-39 to 4-40
EXTSTROBE* signal, 4-33t0 4-34
SCANCLK signal, 4-33
SISOURCE signal, 4-41 to 4-42
STARTSCAN signal, 4-37 to 4-39
TRIG1 signal, 4-34 to 4-35
TRIG2 signal, 4-36
DATA signal (table), 4-54
DGND signa
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-8
AT-MIO-16E-10 and AT-MI0O-16DE-10
(table), 4-10
AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-12
AT-MIO-16XE-50 (table), 4-14
description (table), 4-5
digital I/O connections, 4-28 to 4-29
digital timing connections, 4-30
DIFF (differential) input mode
definition (table), 3-7
description, 4-20
ground-referenced signal sources, 4-21
nonreferenced or floating signal
sources, 4-22 to 4-23
single-ended connections, 4-24
floating signal sources (RSE), 4-25
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grounded signal sources
(NRSE), 4-25
when to use, 4-20
digital 1/0
common questions about, C-5 to C-8
operation, 3-19
signal connections, 4-28 to 4-29
specifications
AT-MIO-16E-1, AT-MIO-16E-2
and AT-MIO-64E-3, A-8
AT-MIO-16E-10 and
AT-MIO-16DE-10, A-15to A-17
AT-MIO-16XE-10 and
AT-Al-16XE-10, A-23
AT-MIO-16XE-50, A-30
digital portsA, B, and C timing specifications,
4-53t0 4-57
mode 1 input timing, 4-55
mode 1 output timing, 4-56
mode 2 bidirectional timing, 4-57
Port C signal assignments (table), 4-53
timing signals (table), 4-54
digital trigger specifications
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3, A-10
AT-MIO-16E-10 and
AT-MIO-16DE-10, A-17
AT-MIO-16XE-10 and
AT-Al-16XE-10, A-25
AT-MIO-16XE-50, A-31
DI0<0..7> signa
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-9
AT-MIO-16E-10 and AT-MI0O-16DE-10
(table), 4-10
AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-12
AT-MIO-16XE-50 (table), 4-14
description (table), 4-6
digital 1/0O connections, 4-28 to 4-29
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dither
enabling, 3-11 to 3-12
DMA channels
configuring, 2-3to 2-4
PC AT 16-bit DMA channel assignment
map (table), 2-7
documentation
about the manual, xi
conventions used in manual, Xii to xiii
National Instruments
documentation, Xiii to xiv
organization of manual, xi to xii
related documentation, xiv
dynamic characteristics
analog input
AT-MIO-16E-1, AT-MIO-16E-2
and AT-MIO-64E-3, A-4to A-5
AT-MIO-16E-10 and
AT-MIO-16DE-10, A-12 to A-13
AT-MIO-16XE-10 and
AT-Al-16XE-10, A-21
AT-MIO-16XE-50, A-27 to A-28
analog output
AT-MIO-16E-1, AT-MIO-16E-2
and AT-MIO-64E-3, A-7
AT-MIO-16E-10 and
AT-MIO-16DE-10, A-15
AT-MIO-16XE-10, A-23
AT-MIO-16XE-50, A-29

E

EEPROM storage of calibration constants, 5-1
e-mail support, D-2
environment specifications
AT-MIO 16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3, A-10
AT-MIO-16E-10 and
AT-MIO-16DE-10, A-18
AT-MIO-16XE-10 and
AT-AI-16XE-10, A-25
AT-MIO-16XE-50, A-31
environmental noise, avoiding, 4-58
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Index

equipment, optional, 1-5
EXTREF signal

analog output reference
connections, 4-27 to 4-28

analog output reference selection, 3-14

AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-8

AT-MIO-16E-10 and AT-MI0O-16DE-10
(table), 4-10

description (table), 4-5

EXTSTROBE* signal

AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-9

AT-MIO-16E-10 and AT-MI0O-16DE-10
(table), 4-10

AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-12

AT-MIO-16XE-50 (table), 4-14

description (table), 4-6

timing connections, 4-30

F

fax support, D-2
faxback support, D-2
field wiring considerations, 4-58
floating signal sources
description, 4-18
differential connections, 4-22 to 4-23
single-ended connections (RSE
configuration), 4-25
FREQ _OUT signal
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-9
AT-MIO-16E-10 and AT-MIO-16DE-10
(table), 4-11
AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-13
AT-MIO-16XE-50 (table), 4-15
description (table), 4-8
waveform generation timing
connections, 4-52
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frequently asked questions. See questions
about AT E series boards.

FTP support, D-1

fuse, 4-6

G

general-purpose timing signal
connections, 4-46 to 4-57
FREQ_OUT signal, 4-52
GPCTRO_GATE signal, 4-47
GPCTRO_OUT signal, 4-47 to 4-48
GPCTRO_SOURCE signal, 4-46
GPCTR0O_UP_DOWN signal, 4-48
GPCTR1_GATE signal, 4-49 to 4-50
GPCTR1_OUT signal, 4-50
GPCTR1_SOURCE signal, 4-48 to 4-49
GPCTR1_UP_DOWN
signal, 4-51 to 4-52
GPCTRO_GATE signal, 4-47
GPCTRO_OUT signal
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-9
AT-MIO-16E-10 and AT-MI10O-16DE-10
(table), 4-11
AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-13
AT-MIO-16XE-50 (table), 4-15
description (table), 4-8
waveform generation timing
connections, 4-47 to 4-48
GPCTRO_SOURCE signal, 4-46
GPCTR0O_UP_DOWN signal, 4-48
GPCTR1_GATE signal, 4-49 to 4-50
GPCTR1_OUT signal
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-9
AT-MIO-16E-10 and AT-MI10O-16DE-10
(table), 4-11
AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-12
AT-MIO-16XE-50 (table), 4-14
description (table), 4-7

AT-MIO/AI E Serigs User Manual /-6

waveform generation timing
connections, 4-50
GPCTR1_SOURCE signal, 4-48 to 4-49
GPCTR1_UP_DOWN signal, 4-51 to 4-52
ground-referenced signal sources
description, 4-18
differentia connections, 4-21
single-ended connections (NRSE
configuration), 4-25

H

hardware installation, 2-1 to 2-2
hardware overview
analog input, 3-6 to 3-13
considerations for selecting input
ranges, 3-10
dither, 3-11 to 3-12
input modes, 3-6 to 3-7
input polarity and range, 3-7 to 3-10
multiple-channel scanning
considerations, 3-12 to 3-13
analog output, 3-14 to 3-15
output polarity
selection, 3-14 to 3-15
reference selection, 3-14
reglitch selection, 3-15
analog trigger, 3-15to 3-18
block diagram, 3-16
AT-AI-16XE-10 block diagram, 3-5
AT-MIO-16E-1 and AT-MIO-16E-2
block diagram, 3-1
AT-MIO-16E-10 and AT-MI0O-16DE-10
block diagram, 3-3
AT-MIO-16XE-10 block diagram, 3-4
AT-MIO-16XE-50 block diagram, 3-6
AT-MIO-64E-3 block diagram, 3-2
digital 1/0, 3-19
timing signal routing, 3-19 to 3-22
board and RTSI clocks, 3-21
programmable function
inputs, 3-20to 3-21
RTSI triggers, 3-21 to 3-22
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I/O connectors, 4-1to 4-15
exceeding maximum ratings
(warning), 4-1, 4-16, 4-29
1/O signal summary (table)
AT-MIO-16E-1, AT-MIO-16E-2,
and AT-MIO-64E-3, 4-8 to 4-9
AT-MIO-16E-10 and
AT-MIO-16DE-10, 4-10to 4-11
AT-MIO-16XE-10 and
AT-Al-16XE-10, 4-12 to 4-13
AT-MIO-16XE-50, 4-14 to 4-15
signal descriptions (table), 4-5 to 4-8
IBF signal (table), 4-54
input characteristics
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3, A-1t0 A-2
AT-MIO-16E-10and AT-MI0-16DE-10,
A-11to A-12
AT-MIO-16XE-10 and AT-Al-16XE-10,
A-191t0 A-20
AT-MIO-16XE-50, A-26
input configurations, 4-18 to 4-26
available input modes, 3-6 to 3-7
DIFF (table), 3-7
NRSE (table), 3-7
RSE (table), 3-7
common-mode signal rejection, 4-26
differential connections
DIFF input configuration, 4-20
floating signal sources, 4-22 to 4-23
ground-referenced signal
sources, 4-21
nonreferenced signal
sources, 4-22 to 4-23
single-ended connections, 4-24
floating signal sources (RSE
configuration), 4-25
grounded signal sources (NRSE
configuration), 4-25
input polarity and range, 3-7 to 3-10
AT-MIO-16E-1, AT-MIO-16E-2,
AT-MI0O-643-3, AT-MIO-16E-10, and
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Index

AT-MIO-16DE-10, 3-7to 3-8
actual range and measurement
precision (table), 3-8
AT-MIO-16XE-10, AT-Al-16XE-10,
and AT-MI0O-16XE-50, 3-9to 3-10
AT-MIO-16XE-10, AT-MIO-16XE-50
actual range and measurement
precision (table), 3-10
mixing bipolar and unipolar channels
(note), 3-9
selection considerations, 3-10
installation. See also configuration.
common questions about, C-2 to C-3
hardware installation, 2-1 to 2-2
unpacking AT E series boards, 1-7
interrupt channel selection
overview, 2-4
PC AT 16-bit DMA channel assignment
map (table), 2-7
PC AT I/O address map (table), 2-4 to 2-5
PC AT interrupt assignment map
(table), 2-6
INTR signal (table), 4-54

L
LabVIEW and LabWindows/CVI1, 1-3

manual. See documentation.
mode 1 input
Port C signal assignments (table), 4-53
timing specifications, 4-55
mode 1 output
Port C signal assignments (table), 4-53
timing specifications, 4-56
mode 2 bidirectional transfers
Port C signal assignments (table), 4-53
timing specifications, 4-57
multiple-channel scanning, 3-12 to 3-13
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NI-DAQ driver software, 1-3 to 1-5
noise, avoiding, 4-58
NRSE (nonreferenced single-ended input)
description (table), 3-7
differential connections, 4-22 to 4-23
single-ended connections (NRSE
configuration), 4-25

0

OBF* signal (table), 4-54
operation of AT E seriesboards. See hardware
overview.
optional equipment, 1-5
output characteristics
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3, A-6
AT-MIO-16E-10 and
AT-MIO-16DE-10, A-13to A-14
AT-MIO-16XE-10, A-22
AT-MIO-16XE-50, A-28

P

PA<0..7> signal
AT-MIO-16E-10 and AT-MI10O-16DE-10
(table), 4-10
description (table), 4-6
PB<0..7> signal
AT-MIO-16E-10 and AT-MI10O-16DE-10
(table), 4-10
description (table), 4-6
PC<0..7> signal (table), 4-6
PFIO/TRIG1 signa
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-9
AT-MIO-16E-10 and AT-MI10O-16DE-10
(table), 4-10
AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-12
AT-MIO-16XE-50 (table), 4-14
description (table), 4-6
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PFIVUTRIG2 signal
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-9
AT-MIO-16E-10 and AT-MI0O-16DE-10
(table), 4-10
AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-12
AT-MIO-16XE-50 (table), 4-14
description (table), 4-6
PFI2/CONVERT* signal
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-9
AT-MIO-16E-10 and AT-MI0O-16DE-10
(table), 4-10
AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-12
AT-MIO-16XE-50 (table), 4-14
description (table), 4-7
PFI3/GPCTR1_SOURCE signal
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-9
AT-MIO-16E-10 and AT-MI0O-16DE-10
(table), 4-11
AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-12
AT-MIO-16XE-50 (table), 4-14
description (table), 4-7
PFI4/GPCTR1_GATE signal
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-9
AT-MIO-16E-10 and AT-MI0O-16DE-10
(table), 4-11
AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-12
AT-MIO-16XE-50 (table), 4-14
description (table), 4-7
PFI5/UPDATE* signal
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-9
AT-MIO-16E-10 and AT-MI0O-16DE-10
(table), 4-11
AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-13
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AT-MIO-16XE-50 (table), 4-15
description (table), 4-7
PFI6/WFTRIG signal
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-9
AT-MIO-16E-10 and AT-MI0O-16DE-10
(table), 4-11
AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-13
AT-MIO-16XE-50 (table), 4-15
description (table), 4-7
PFI7/STARTSCAN signal
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-9
AT-MIO-16E-10 and AT-MI0O-16DE-10
(table), 4-11
AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-13
AT-MIO-16XE-50 (table), 4-15
description (table), 4-7
PFI8/GPCTRO_SOURCE signal
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-9
AT-MIO-16E-10 and AT-MI0O-16DE-10
(table), 4-11
AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-13
AT-MIO-16XE-50 (table), 4-15
description (table), 4-7
PFI9/GPCTRO_GATE signal
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-9
AT-MIO-16E-10 and AT-MI0O-16DE-10
(table), 4-11
AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-13
AT-MIO-16XE-50 (table), 4-15
description (table), 4-8
PFls (programmable function
inputs), 4-31 to 4-32
common questions about, C-7, C-7 to C-8
overview, 4-30
signal routing, 3-19 to 3-20
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PGIA (programmable gain instrumentation
amplifier)
common-mode signal rejection, 4-26
differentia connections
floating signal sources, 4-22 to 4-23
ground-referenced signal
sources, 4-21
physical specifications
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3, A-10
AT-MIO-16E-10 and
AT-MIO-16DE-10, A-18
AT-MIO-16XE-10 and
AT-Al-16XE-10, A-25
AT-MIO-16XE-50, A-31
pin assignments. See I/O connectors.
Plug and Play systems, configuring, 2-3
polarity
input polarity and range, 3-7 to 3-10
output polarity selection, 3-14 to 3-15
Port C signal assignments (table), 4-53
posttriggered data acquisition, 4-32
power connections, 4-30
power requirement specifications
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3, A-10
AT-MIO-16E-10 and
AT-MIO-16DE-10, A-18
AT-MIO-16XE-10 and
AT-Al-16XE-10, A-25
AT-MIO-16XE-50, A-31
pretriggered data acquisition, 4-32
programmable function inputs (PFIs). See
PFls (programmable function inputs).
programmabl e gain instrumentation amplifier.
See PGIA (programmable gain
instrumentation amplifier.
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Q

guestionsabout AT E seriesboards, C-1to C-8
analog input and analog
output, C-3to C-5
general information, C-1to C-2
installation and configuration, C-2 to C-3
timing and digital 1/0, C-5to C-8

R

RD* signal (table), 4-54
reference selection, analog output, 3-14
referenced single-ended input (RSE). See RSE
(referenced single-ended input).
register-level programming, 1-5
reglitch selection, 3-15
RSE (referenced single-ended input)
description (table), 3-7
single-ended connections for floating
signal sources, 4-25
RTSI clocks, 3-21
RTSI triggers, 3-21 to 3-22
overview, 3-21
specifications
AT-MIO-16E-1, AT-MIO-16E-2
and AT-MIO-64E-3, A-10
AT-MIO-16E-10 and
AT-MIO-16DE-10, A-17
AT-MIO-16XE-10 and
AT-AI-16XE-10, A-25
AT-MIO-16XE-50, A-31

S

SCANCLK signal

AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-9

AT-MIO-16E-10 and AT-MIO-16DE-10
(table), 4-10

AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-12

AT-MIO-16XE-50 (table), 4-14
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description (table), 4-6
timing connections, 4-33
settling time, 3-12 to 3-13, C-1to C-2
signal connections
analog input, 4-16 to 4-17
analog output, 4-27 to 4-28
digital 1/O, 4-28 to 4-29
field wiring considerations, 4-58
I/O connector, 4-1to 4-15
exceeding maximum ratings
(warning), 4-1, 4-16, 4-29
1/O signal summary (table)
AT-MIO-16E-1,
AT-MIO-16E-2 and
AT-MIO-64E-3, 4-810 4-9
AT-MIO-16E-10 and
AT-MIO-16DE-10, 4-10to 4-11
AT-MIO-16XE-10 and
AT-AI-16XE-10, 4-12t0 4-13
AT-MIO-16XE-50, 4-14 to 4-15
signal descriptions (table), 4-5 to 4-8
input configurations, 4-18
common-mode signal rejection, 4-26
differential connections
DIFF input configuration, 4-20
floating signal
sources, 4-22 to 4-23
ground-referenced signal
sources, 4-21
nonreferenced signal sources,
4-22 10 4-23
single-ended
connections, 4-24 to 4-26
floating signal sources (RSE
configuration), 4-25
grounded signal sources (NRSE
configuration), 4-25
power connections, 4-30
timing connections, 4-30 to 4-57
data acquisition timing
connections, 4-32 to 4-42
AIGATE signal, 4-41
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CONVERT* signal,
4-39to0 4-40
EXTSTROBE* signal,
4-33t04-34
SCANCLK signal, 4-33
SISOURCE signal, 4-41 to 4-42
STARTSCAN signd,
4-37t0 4-39
TRIG1 signal, 4-34 to 4-35
TRIG2 signal, 4-36
general-purpose timing signal
connections, 4-46 to 4-57
FREQ_OUT signal, 4-52
GPCTRO_GATE signal, 4-47
GPCTRO_OUT signd,
4-47 to 4-48
GPCTR0O_SOURCE signal, 4-46
GPCTRO_UP_DOWN
signal, 4-48
GPCTR1_GATE signd,
4-49to0 4-50
GPCTR1_OUT signal, 4-50
GPCTR1_SOURCE signal,
4-48 to 4-49
GPCTR1_UP_DOWN signal,
4-51to0 4-52
programmable function input
connections, 4-31 to 4-32
waveform generation timing
connections, 4-42 to 4-45
UISOURCE signal, 4-45
UPDATE* signal, 4-43to 4-44
WFTRIG signal, 4-42 to 4-43
types of signal sources, 4-18
floating, 4-18
ground-referenced, 4-18
single-ended connections
description, 4-24
floating signal sources (RSE), 4-25
grounded signal sources (NRSE), 4-25
when to use, 4-24
SISOURCE signal, 4-41 to 4-42
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Index

software

programming choices
LabVIEW and LabWindows/CV1,
1-3
NI-DAQ driver software, 1-3to 1-5
register-level programming, 1-5

specifications

AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3

analog input, A-1to A-5
amplifier characteristics, A-3
dynamic characteristics,
A-410 A-5
input characteristics, A-1to A-2
stability, A-5
transfer characteristics, A-3

analog output, A-6to A-8
dynamic characteristics, A-7
output characteristics, A-6
stability, A-7 to A-8
transfer characteristics, A-7
voltage output, A-7

businterface, A-10

digital 1/0, A-8

environment, A-10

physical, A-10

power requirements, A-10

timing 1/0, A-8to A-9

triggers
analog trigger, A-9
digital trigger, A-10
RTSI, A-10

AT-MIO-16E-10 and AT-MI0O-16DE-10

analog input, A-11to A-13
amplifier characteristics, A-12
dynamic characteristics,
A-12to A-13
input characteristics,
A-11to A-12
stability, A-13
transfer characteristics, A-12

analog output, A-13 to A-15
dynamic characteristics, A-15
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output characteristics,
A-13t0 A-14
stability, A-15
transfer characteristics, A-14
voltage output, A-14 to A-15
businterface, A-17
digital 1/0, A-15to A-17
environment, A-18
physical, A-18
power requirements, A-18
timing I/O, A-17
triggers
digital trigger, A-17
RTSI, A-17
AT-MIO-16XE-10 and AT-Al-16XE-10
anaog input, A-19 to A-21
amplifier characteristics, A-20
dynamic characteristics, A-21
input characteristics,
A-19to A-20
stability, A-21
transfer characteristics, A-20
analog output (AT-MI10-16XE-10
only), A-22to A-23
dynamic characteristics, A-23
output characteristics, A-22
stability, A-23
transfer characteristics, A-22
voltage output, A-22
businterface, A-25
digita 1/0, A-23
environment, A-25
physical, A-25
power requirements, A-25
timing 1/0O, A-24
triggers, A-24to A-25
analog trigger, A-24 to A-25
digital trigger, A-25
RTSI, A-25
AT-MIO-16XE-50
analog input, A-26 to A-28
amplifier characteristics, A-27
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dynamic characteristics,
A-27to A-28
input characteristics, A-26
stability, A-28
transfer characteristics, A-27
analog output, A-28 to A-29
dynamic characteristics, A-29
output characteristics, A-28
stability, A-29
transfer characteristics,
A-28to A-29
voltage output, A-29
businterface, A-31
digital 1/0, A-30
environment, A-31
physical, A-31
power requirement, A-31
timing 1/0, A-30to A-31
triggers
digital trigger, A-31
RTSI, A-31
stability
analog input specifications
AT-MIO-16E-1, AT-MIO-16E-2
and AT-MIO-64E-3, A-5
AT-MIO-16E-10 and
AT-MIO-16DE-10, A-13
AT-MIO-16XE-10 and
AT-Al-16XE-10, A-21
AT-MIO-16XE-50, A-28
analog output specifications
AT-MIO-16E-1, AT-MIO-16E-2
and AT-MIO-64E-3, A-7 to A-8
AT-MIO-16E-10 and
AT-MIO-16DE-10, A-15
AT-MIO-16XE-10 and
AT-Al-16XE-10, A-23
AT-MIO-16XE-50, A-29
STARTSCAN signal timing
connections, 4-37 to 4-39
STB* signd (table), 4-54
switchless data acquisition, 2-3
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technical support, D-1to D-2
theory of operation. See hardware overview.
ACH<0..63> signal
description (table), 4-5
timebases, board and RTSI clocks, 3-21
timing connections, 4-30 to 4-57
common questions about, C-5 to C-8
data acquisition timing
connections, 4-32 to 4-42
AIGATE signal, 4-41
CONVERT* signal, 4-39 to 4-40
EXTSTROBE* signal, 4-33 to 4-34
SCANCLK signal, 4-33
SISOURCE signal, 4-41 to 4-42
STARTSCAN signal, 4-37 to 4-39
TRIG1 signal, 4-34 to 4-35
TRIG2 signal, 4-36
digital ports A, B, and C, 4-53 to 4-57
mode 1 input timing, 4-55
mode 1 output timing, 4-56
mode 2 bidirectional timing, 4-57
Port C signal assignments
(table), 4-53
timing signals (table), 4-54
general-purpose timing signal
connections, 4-46 to 4-57
FREQ_OUT signal, 4-52
GPCTRO_GATE signal, 4-47
GPCTRO_OUT signal, 4-47 to 4-48
GPCTR0O_SOURCE signal, 4-46
GPCTR0O_UP_DOWN signal, 4-48
GPCTR1_GATE signdl, 4-49 to 4-50
GPCTR1_OUT signal, 4-50
GPCTR1_SOURCE signal,
4-48t0 4-49
GPCTR1_UP_DOWN signal,
4-51 10 4-52
programmable function input
connections, 4-31 to 4-32
waveform generation timing
connections, 4-42 to 4-45
UNISOURCE signal, 4-45
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UPDATE* signal, 4-43to 4-44
WFTRIG signal, 4-42 to 4-43
timing 1/0O specifications
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3, A-81t0 A-9
AT-MIO-16E-10 and
AT-MIO-16DE-10, A-17
AT-MIO-16XE-10 and
AT-Al-16XE-10, A-24
AT-MIO-16XE-50, A-30 to A-31
timing signal routing, 3-19 to 3-22
board and RTSI clocks, 3-21
programmable function
inputs, 3-20 to 3-21
RTSI triggers, 3-21to 3-22
transfer characteristics
analog input
AT-MIO-16E-1, AT-MIO-16E-2
and AT-MIO-64E-3, A-3
AT-MIO-16E-10 and
AT-MIO-16DE-10, A-12
AT-MIO-16XE-10 and
AT-Al-16XE-10, A-20
AT-MIO-16XE-50, A-27
analog output
AT-MIO-16E-1, AT-MIO-16E-2
and AT-MIO-64E-3, A-6to A-7
AT-MIO-16E-10 and
AT-MIO-16DE-10, A-14
AT-MIO-16XE-10, A-22
AT-MIO-16XE-50, A-28 to A-29
TRIGL1 signal timing connections, 4-34 to 4-35
TRIG2 signal timing connections, 4-36
triggers
analog, 3-15t0 3-18
block diagram, 3-16
RTSI triggers, 3-21to 3-22
specifications
AT-MIO-16E-1, AT-MIO-16E-2
and AT-MIO-64E-3
analog trigger, A-9
digital trigger, A-10
RTSI, A-10
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AT-MIO-16E-10 and AT-MIO-16E-10and AT-M10-16DE-10,

AT-MIO-16DE-10 A-141to A-15
digital trigger, A-17 AT-MIO-16XE-10, A-22
RTSI, A-17 AT-MIO-16XE-50, A-29
AT-MIO-16XE-10 and
AT-Al-16XE-10 W
analog trigger, A-24 to A-25 o
digital trigger, A-25 wavefom_\ generation timing
RTSI, A-25 connections, 4-42 to 4-45
dlgltal trigger, A-31 UPDATE* S| gnaI, 4-43t0 4-44
RTSI, A-31 WFTRIG signal, 4-42 to 4-43
troubleshooting. See questions about AT E WFTRIG signal timing
series boards. connections, 4-42 to 4-43
wiring considerations, 4-58
U WR* signal (table), 4-54
UISOURCE signal, 4-45
unipolar input

AT-MIO-16E-1, AT-MIO-16E-2,
AT-MIO-64E-3, AT-MIO-16E-10, and
AT-MIO-16DE-10, 3-7 to 3-8

AT-MIO-16XE-10, AT-Al-16XE-10,
and AT-MI0O-16XE-50, 3-9 to 3-10

mixing bipolar and unipolar channels
(note), 3-9

unipolar output, 3-14 to 3-15

unpacking AT E series boards, 1-7

UPDATE* signal timing
connections, 4-43 to 4-44

v

VCC signa
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3 (table), 4-8
AT-MIO-16E-10 and AT-MI10O-16DE-10
(table), 4-10
AT-MIO-16XE-10 and AT-Al-16XE-10
(table), 4-12
AT-MIO-16XE-50 (table), 4-14
voltage output
AT-MIO-16E-1, AT-MIO-16E-2 and
AT-MIO-64E-3, A-7
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